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is the length of the edge no il i-
- ψ is the dihedral angle around edge no i
i
Measure of 
T is the sum of the area of the triangles
surrounding a vertex.
- 
Gaussian Curvature
Simplex Mesh
Measure of 
Gauss Sphere
is the area of the spherical polygon-
made by the extremities of the normal vectors 
mapped on the unit sphere
  MWR=S?LFe H9^_u hzFKNMW{ OQKNMWV=PBVQo LFe4zF| e-q4KNM=eTWxB{(e/O/P q-SGLJOQKFS?LFe O/PGj   O/SGzFzNMCO/Pq4S?LJOQKFS?LFe {(e/OQzFS?LFe4zLFe-zF|   V=P
O KFLNMCOQP?R=SUTCOQKNMWVJP@OQP?j#zNMW{(|UTWe4g#{(e4zF} 
<UcgopSU-a[OqlU"goRn[f_lMSRpS_lMOdQR[f_`MfU§\gHm=US \bg R§[OMf\^Rg`PQ_l^R[O\bNQg \be[fqlU_?R_`efef\^Rng pi_lMfdQRn[f_lMOUQ K
goRn[f_lMSR'MOUcklMOUcefUcg=[SR[f\bN-g NpSNQg=dQUikHNQb=qlU
m=MSR;\e[OqlUVj5l[fUcgHm=U
m_?Rn_lefeO\RngTRP-U C <NQMGWJ C -U"Glv!J
ql\^pOq \e;ZoReOU
m NQg [fqlU1m=\berpSMOUc[fU]?$R_leOef\^Rg pi_lMfdQRn[f_lMOU R[VUKRQpOq d-UcMf[OUS ql\be;MfUcklMOUcefUgJ[SR[O\N-g
\beUceOkoU
pi\Rnb1(Ucb£ eO_l\b[fU
m FN-M&U8pS\bUcg=[fb1koUMFN-MfTV\bglPxNQZQhSU
pi[MfU
pSN-PQgl\b[O\N-g Rgom m=Uc[fUMfTV\bgl\bglPx[fqlU
Rn[f[f\b[O_om=UNRg§NQZQhSU
pi[\bg§efkoR-pSUQW<N(Ucd-UcM
a[OqlUTRn\bgb\bTV\b[SR[f\£NQg;N8j ?b\bUce\gx\[OeRTZl\bPQ_`NQ_le
MOUcklMfUefUcg=[rRn[f\bNQg§N#glNQg"pSN-g=dQUSkoN-=qlUKm=MrR`alRgom;\bgVkoRnMf[O\pi_l^RMN#[fMO\RnglPQ_`Rn[f\bNQg`e

 g[fqlUN-[fqlUMqoRngoma[OqlUgoRn[f_lMSRopS_`MfdQR[O_lMfU\bgomUS¦\bgRef\bTVklbUST;Ucefq\be[OqlUTVUKRg&pS_`MfdQR[O_lMfU-
g1eOU
pS[f\bN-g ul ul 5 aH(UqoRKdQUeOUcUcg1[OqoR[[OqlUTVU[fMf\^p$koRMSRT;Uc[fUcMOe&RgHm"[OqlUef\bTVk`UixRnglPQbUceR[U
RQpOq
d-UcMf[OUSUceO[rRZ`\beOqR*_lgl\^]-_lUMfUklMfUceOUcg=[rRn[f\bNQg§N8R*TVUceOqal_`k"[fNRg"\befN-TVUc[OMfRgomeSpcRbUQgR;lw1a
(U¦pRg1USlklMOUcefe[OqlUkHNQef\b[O\N-g"NRVd-UcMf[OUS\bg1Ref\bT;klbUST;Ucefq1ReRD_lgopS[O\N-gNn[fq`U&kHNQeO\[O\bNQg"Nn
a^acb=d"eefg
u-u   		 / 	9	# #!	
\b[fe$glUc\bPQq=ZHNQMf\bglPd-UcMf[O\piUce¦Rngom§N[fq`UefqoRnkoUkoRnMrRnTVUc[OUcMfeWYDefUcU;U
]-_oR[O\bNQg v
zIZc[\beglN-[kHNQefeO\bZlbU
\bgR*[fMf\^RnglPQ_l^Rn[f\bNQg[fN;Ucef[SRZlb\befq1ReO\bTV\b^RM(MfUc^R[O\bNQg"ZoRnefU
mxNQg§m=\berpSMOUc[fU@?Rn_lefeO\^RgpS_`MfdQR[O_lMfURgHm
[OqlUkoN-ef\b[f\bN-g"N[OqlUglUc\bPQq=ZHNQMf\bglP;dQUcMO[f\^pSUceKql\beF_lgHmlRT;Ucg=[rRk`MfNQkHUcMO[USlkl^Rn\g`eq=ef\bTVklbUS
T;UcefqlUe¦RnMfUZHUc[f[OUcM&eO_l\b[fU
m [fqoRng1[fMO\RnglPQ_`Rn[f\bNQg`eFN-MkoUMFN-MfTV\bglPm=USFN-MfTR[f\bN-gleRngom§efT;NJN-[fql\bglPH
©`_lMf[OqlUcMOTVNQMOUQa'(U"pcRg _lgHRTZl\bPQ_`NQ_leOUcgHpSNlm=U"[fq`UeOqoRkHUNRg N-ZQhSU
pS[NnpSN-TVklbUS1[fN-koN-bNQPQ
\b[fq[OqlU[fqlU&\T;klbUSWKglP-UTRPQU C .<fy 5 Jf
.  A)V)$%("	# *  1	  )*&%'')*
  	 
% 

¥1UklMfN-koN-efUR;TVNlm=Ucb\bglPerpOqlUcT;U&ZoRnefU
mxNQg1m=USDNQMfTRZlbURgHm"RQmlRnkl[f\bd-UTVUceOqlUceKqlUm==goRT;\^pSe
Nn6UKRQpOqdQUcMO[fUS"\bePQ\bdQUgVZ=R Uc[ONQgl\^Rng^RK NnT;NQ[f\bN-g7

$X 
 
 X  '
# 
 
       YSvJ  Z
qlUMfU  \e[OqlUTRnefe_`gl\b[N8R;d-UcMf[OUS Rgom1\be[fqlUVmlRnTVkl\bglPRQpS[ONQM
   pSNQgleO[fMSR\bgleUc\b[OqlUcM
eOqoRkHUNQMefTVN=N-[fqlglUefeqlUcMfUKRe   pSN-MfMOUcefkHNQgomeV[fN§efN-TVUUSl[fUcMOgoRpSNQg`ef[fMSR\bg=[feUSlklMfUefefUKm \bg
[OUcMfT;eN6m\eO[rRngopSUFMONQT eONQT;U[fq`MfUcUSfm=\bTVUglef\bNQgHRmlRn[rRl
\bT;U'\bem=\berpSMOUc[f\bcUKmRne 
3 
  D  
Rngomj']-_oRn[f\bNQg Yrv=  Z#\be'\bg=[fUcP-MrRn[fU
mNd-UcM'[f\bT;U_leO\bglP¢ogl\b[OU
m=\ "UcMfUgopSUceK¥1UpS_lMOMfUcg=[fb_leOUj#_lbUcM e(TVUc[OqlNlm\b[fqVpSUcg=[OUcMfU
mxm=\ "UcMOUcgopSUe
(D   \be'[fqlUkHNQeO\[O\bNQg
Nn6d-UcMf[OUS (R[([f\bT;U 
[fqlUcg[OqlU&m=\berpiMfUc[O\U
m^RK N'T;NQ[f\bN-g&\be 
  - U  YSv '!Z9Y=  '    U Z  "  #  YSv"H Z
  Rngom   RnMfU&piNQTVk`_l[fU
m;R[[O\T;U 
 
   $% '& ()
g=[fUMfgoRnDNQMrpiUcem=Uc[fUMfTV\bglU$[fqlUMfUceOkoN-glefUNnRklq==ef\^pcRnb-ZoReOU
mTVNlm=U[fNVUi[OUcMfgHRpSN-glef[OMrRn\g=[Oe

qlUMOUcefkHNQgleOU"NUc^ReO[f\^pZHNlm=\bUceTRK§ZoU"m=UMf\bdQU
mFMfN-TRxTV\bgl\bT\b
R[O\Ng§NRng Uc^Rnef[f\^p;UcglUMfPQ=a
klMONQkHNQMO[f\bNQgoRn[ONV[fq`Uc\bMm=U:HU
pS[f\bN-g"FMONQT RMOUcef[efqHRkHUQ \bglUKRMURnef[O\pUcglUcMOPQ\bUcepSNQMOMfUceOkoN-gom=\bglP[fN
\b=qlNQg`Ndef[rRnZl\bb\\g`P'F_`gopS[f\bN-goRbe C  K`GIHJ=qoRKdQU#ZHUcUcgUSl[fUcg`ef\bdQUcb_leOU
m\bgpSN-TVkl_`[fUcMd=\bef\bNQg C ¥ ¥ yQuJ
C .<fy`vcZIJ C wxpSfy 5 J C +4+MKy-uJgª\b[Oe"PQUcg`UcMrRn\bcUKm FN-MfT_l^R[O\bNQga[OqlU UglUcMfP-ª\bepSNQT;koN-efU
m Nn*R
eO[fMfU[rpOql\bglP [OUcMfT RgHm RxZHUcgom=\bglP1[OUcMfT§ =N-TVU(Uc\bPQq=[feVpRg ZoU"R-mchS_leO[fU
m [fN R-pcpSN-_lg=[FNQMef_lM
 R-pSUm=\berpSN-g=[f\bg=_l\b[f\bUce(NQM(glNQMOTRHm=\berpSN-gJ[O\bgJ_`\[O\bUce
\bglU
RnMURnef[O\pi\[bU
R-m=e([fNgJ_`TVUcMO\pRbbU8pS\bUcg=[
RnP-NQMO\[OqlTVe(Zl_l[\b[m=N=UceglN-[PQ_HRMrRng=[V[fq`U Rn\bMfglUceOeNnMfUceO_lb[f\bglP;TVNlm=Ucbeef\bgopiU&[OqlUc"RMOU&glN-[US=
klMOUcefeOU
mx\g;[fUcMOTVe(N#\g=[OMf\bglef\^pkoRMSRTVU[fUcMOe
'wN-MfUcNd-UcM
a=[OqlUcpiNQgleO\eO[fUcg=[O :R[O[fUcgql\bP-qpS_lMOdQR[O_lMfU
koRnMf[Oe C Uc^yW*Jf  g[OqlUNQ[OqlUcMqoRngoma=Uc^ReO[f\^pUcglUcMOPQ\bUceUSlklMfUceOefU
mx\bgV[OUcMfT;eN\bg=[fMO\bglef\^pkHRMrRnTVUc[OUcMfe
eO_opOqVReeS]-_oRMOU8pS_`MfdQR[O_lMfU C Q ^R GIH&JlNQM#er]-_oRnMfUm=UcMO\dQRn[f\bdQUNpS_`MfdQR[O_lMfU C wxlyQu J`RnMfU(klq==ef\^pcRbbT;U
Rg
\bglPnF_l#Zl_l[&RnMfUg=_lTVUcMO\^pcRbbm=\S8pS_`[[ON\bT;klbUcTVUcg=[RgomA¢ogoRnbx[fqlUc§m=NglNQ[glU
piUcefeSRMf RQpcpiUckl[
pS\bMSpSbUce C Uc^yWJNQM(efk`qlUcMfUeRneNQkl[O\bT_lT efqoRnkoUceK
465^a7468
 
					 	!	"	$#%&#')(*,+&(*.-*/0 	. 	1(*2#'31#4)( u 5
 _lM6FMrRnTVUc(NQMO&m=N=Uce'glN-[m=UcMO\bdQU   DMfNQT [OqlUTV\bgl\bTV\£
R[O\bNQgNefN-TVU(PQbNQZoRnlUc^ReO[f\^p(UcglUMfPQ=
gleO[fU
R-mURnefeONpi\Rn[fU(\b[fqU
RQpOqdQUMf[fUi   RbNlpcRnlUcglUcMOPQ   [fqoRn['pfqHRMrR-pS[fUMf\bcUce([fqlUeOqoRkHUNH[fqlU
bNlpcR5[fUc[OMrRnqlU
m=MONQg Y/  
  U   
!  X   
     Zc   \be[rR-Ucg1Re[OqlUP-MrRQm\UgJ[N   RgomZ`Mf\bglPQe[OqlU[fUc[OMrRq`U
m=MfN-g \g=[ON\b[feef[SR[OUVNbNUceO[&UglUcMfP-J§qlUMfUSFN-MfU"UKRQpOq d-UcMf[OUS pcRng ZHUefUcUcg Rne¦Rng
\bgom=UkoUcgHm=Ucg=[koRMO[f\^pSbU[fqoRn[\bg=[fUcMSRQpS[Oe\b[fq\b[fe[OqlMfUcU$glUc\bPQq=ZHNQMfeRgom;[OqlUc\bMeO_lMfMONQ_lgom\g`PdQUcMO[f\^pSUceK
=Ucb\eO=\ C =y-uJ_leOU
m N-Mf\bUcg=[fU
m koRnMf[O\piUeV[fN1\bg=[fUMfkHNQ^R[OU 5 3mlRn[rRx\b[fqlN-_l[VR§klMf\bN-Mf\=glNbU
m=P-U
Nn8pSNQg`glU
pS[O\d=\b["N-M[fN-koN-bNQPQ=qlU\bTVkHNQMO[rRg=[m=\ "UMfUcgopiUVZHUc[UUcg1ef\bTVk`UiVTVUceOqRgomAkoRMO[f\^pSbUce
eOJeO[fUcTs\e#[OqoR[#ef\bT;klbUSTVUceOqlUcepSN-glef[OMrRn\gd-UcMf[OUSVpSNQglg`U
pS[f\bd=\b[&[ON[fqlMOUcUql\^pOqMfUceO[fMf\^pS[Oe[fqlUP-Ucg=
UcMSRb\b[NlMfUck`MfUceOUcg=[rR[O\bNQgZl_l[5bU
RQm=e5[fNefTVN=N-[fqlUcMeOqoRkHUceRngomTVN-MfU#U8pS\bUcg=['pSNQT;kl_l[SR[f\bN-gHgNQ_lM
FMSRT;UcN-MfaZHNQ[OqTVUceOqef[fMO_opS[O_lMfURgHm[fNQkHNQbN-PQ&pcRngVpOqoRglP-Um==goRnTV\^pcRnb=acZl_`['[fqlUpSNQg`glU
pS[O\d=\b[
ZHUc[(UcUcg§dQUcMO[f\^pSUceMfUcTR\bgle(U
]-_oR[ON[fqlMOUcUQ
       
 ( & ( 
qlUUik`MfUceOef\bNQg§N "\beRVP-UcglUcMSRb\b
R[O\bNQg"Nn\bgJ[OMf\bgleO\pF_lgopS[O\bNQgoRnem=US¢og`U
mxFNQMkl^RngoRMpS_lMfd-Uce
m=Ui¢oglU
m \bg C `<fylvKRJ C Uc^yW&Jf ¥1U"qHRKdQU"m=US¢og`U
m eONQT;UeOqoRkHURngom efTVN=N-[fqlglUefeD_lgopS[O\N-goRbeN-g
eO\T;klbUSVTVUefqlUceqHRKdJ\bglP[fq`UDNQbbN\g`Pk`MfNQkHUcMO[f\bUce
# 
 ~
 
 } 
 }
};qlUc RMOUUik`MfUceOefU
m \bg [fUMfTVeNTVU
Rng pS_lMOdQR[f_`MfUQaRgHm [OqlUcMOUSFNQMOU Rn\MOglUceOe&Nn
MfUceO_lb[f\bglPeOqoRkHU\e(PQ_HRMrRng=[fUcU
m¤©`_lMf[OqlUcMfT;NQMOUQaQeOklqlUcMOUce
apS=b\bgom=UcMOe
a`kl^RglUceKalRMOURnTVN-glP[fqlU
NQkl[O\bT_lT efqoRnkoUce/  
	  
-
# 
 =lF 
   . D~' ~K 
 }Dl~/+! 
 !o~Kl~/+! 
  
  }K 
   

   . D~/' 
$
 .S}
n  qlUef\bcUN([fqlUglUc\bPQq=ZHNQMOqlN=NmxRMfN-_lgom"R*dQUcMO[fUS pSN-gJ[OMfN-e
[fqlU$erpcRnURn[ql\^pfqeOTVN=NQ[OqlglUceOe\beTVUKRef_`MfU
m
%&!}$$!o~ \ "UMfUcg=[([JkHUce'NnpSNQg`ef[fMSR\bg=[
a=m=\ "UMfUcg=['eO\UNglUc\bP-qJZHNQMOqlN=NlmTRKZHURk`klb\UKm
NQg"m=\ "UcMfUcg=[koRMO[feN'RTVUceOq
¤Uc[( ZHUVR;ef\bTVklbUS"T;Ucefq"T;Nlm=Uc#\b[fq2 1dQUMf[f\^pSUe   Y/  v
3
 Z=¥1Uef_lk`koN-efUV[OqoR[
[(NTVUc[OMf\^pkHRMrRnTVUc[OUcMfe  U  Rgom  X  qoRKdQUZHUcUcgRnefef\bP-glU
mR[(U
RQpOq"d-UcMf[OUS"ef_opOq[fqHR[
 U   X     «v
    U ªv    X fªv       v
YSv"G Z
¥1UN-glbVpSNQgleO\^m=UcMeO[fMO\pi[fbkoN-ef\b[f\bdQUT;Uc[fMO\pkoRMSRT;Uc[fUcMOe[ONUcglef_`MfURef[rRnZlbUZoUcqHRKdJ\bN-Mm=_lMf\bglP
[OqlUm=UiFNQMOTR[O\bNQg$ql\beRnTVN-_lg=[fe[fN"pSN-glef[OMrR\bgl\bglP[OqlUFN=N-[ sN "[fNb\bU\g`ef\^m=U[fqlU[OMf\^RglP-bU
   
!   
  
   #[m=N=Uceg`NQ[
a=\bg;klMrR-pS[f\^pSUQaHP-MfU
Rn[fbMfUceO[fMO\pi[[OqlUdQRMO\U[VN#efqoRnkoUe

¥ \[Oq1U
RQpOq dQUcMO[fUS   U"RnefefNlpS\^Rn[fURxef\bT;klbUSRg`PQbU    FNQM$ql\^pfq [fqlU;bNpR[fU[fMrRnqlU
m=MONQg
Y=  
     
!   
 
   Z\be\bg"\b[OeMfUef[kHNQeO\[O\bNQg    pSNQMOMfUceOkoN-gom=e[ONV[OqlU&gHR[f_`MrR#eO[rR[OU&Nn'[fqlU
bNlpcR#[OUc[fMSRqlU
mMfNQg1N-M\b[feef[SR[fUN(TV\bgl\bT&_`T UglUcMfP-JD(UMf\b[fU  Rne[fqlUkoN-ef\b[f\bN-gNndQUMf[fUi
  \£[OqlUef\bTVk`UiRglP-U8Rne    [fqlUg[OqlUUcg`UcMfP-   Nn6[OqlUbNpR[fU[fMrRnqlU
m=MONQg"\be/
   X =  X Y  """    z Z YSv
y Z
a^acb=d"eefg
unW   		 / 	9	# #!	
  \be[OqlUPQMrR-m=\bUcg=[N#[fql\beUcglUMfPQ"RngomeO\gHpSU  \be\bgom=UckHUcgom=UgJ[N   

" = Y  """  5 z Z Yu   Z
ql\beUSlklMOUcefeO\bNQgªpSNQMOMfUceOkoN-gom=e\bgJ[O_l\b[f\bdQU1[ON1[fqlUglN-[f\bNQg NnURnef[O\p*FN-MrpSUxef\bgopSU"\b[ef[SR[fUe[OqoR[
  \beklMfN-koN-Mf[f\bN-goR5[fN[fq`U&m=U:oUKpS[f\bNQgxFMONQT [fqlUMOUcef[eOqoRkHUQ  qoRe[fN;ZoUeOTRnbUcM([fqHRg  5 z [fN
P-_oRMSRg=[fUcU$ef[rRnZl\bb\[=¡ef\bglPU
]-_oRn[f\bNQgYSv
zIZ'[ONUSlklMfUceOe? a=(UPQUc[/
" "3SY  U  "=       X  "= 	        	 	
    MY  
4
   Z (%Z Yulv"Z
q`UpOqlN-\^pSUN    m=Uc[OUcMfT;\g`Uce[fqlUpSN-glef[OMrRn\g=[[fNZoUUg=FNQMSpSU
m !H)1  }
 ! 
 ~ 
 $^~, ¥1UefUc[       #qlUef_`M R-pSUpcRgDMfUcUcb;ZoUcgHmRnMfN-_lgom;dQUcMO[fUS9  
#/"fo    
 ~Kl~/6! 
 - ! 
 ~/ 
 $^~,! 
 }c~K 
 ~¥1UqoRKdQUef\bT;klb     lM<UcgHpSUQaH[fqlU$\g=[OUcM
goRFN-MrpSU;Mf\b[fUceVRne      Y  U       X  	         
   '   Zc§¥ qlUcg TVUc[OMf\^p
koRMSRT;Uc[fUcMOeRMOUU
]-_oRn a=(UqoRKdQU  "    Y=      2       
   ' 5   Zql\^pOq"pcRg;ZoUMf\b[f[OUcg Re     A q`UcMfU\be[OqlUVm=\berpiMfUc[OU*Rnkl^RQpS\^Rng"NQkHUcMrRn[fN-M&m=US¢og`U
m1N-g[fqlUT;Ucefq5qlU&T;Ucefqxef[fMO_opS[O_lMfUpcRg§ZoUeOUcUcg RneR*ef_lM RQpiUkoRMSRTVU[fUcMO\KR[f\bN-g"[fqlN-_lPQq§(U
pcRg`glNQ[m=Ui¢oglUklMONQkHUcMfbRg=VglN-[f\bNQg;N'm=UcMf\bdQRn[f\bdQUceK
13  
 - # =l~#  -! 
 ~ 
 $D~  - ! 
 }c~K 
 ~    \bem=US¢oglUKmZ=)
    RMSpSef\bg
 
< 
	      <    (ef\bgY  <IZ <  YuQu Z
<  	     < «v     <  v
qlUcMOU   Y/  Z(\be[fqlUg`Uc\bPQq=ZoN-MfqlN=Nlm;N'ef\bcU  RnMfNQ_`gomC  j']-_oR[O\bNQg Y u-u Z(ef[SR[OUce[fqoRn[[fqlU
goR[O_lMrRnpS_`MfdQR[O_lMfURn[   \be[fq`UU\P-q=[fU
mRKdQUMrRP-UN[OqlUglUc\bPQq=ZHNQMOqlN=NmpS_`MfdQR[O_lMfUe
   

<  	     <   <
 pSN-MfMOUcefkHNQgome\bgJ[O_l\b[f\bdQU[ONV[fq`UglNQ[O\N-g"N(Mf\bPQ\^m=\b[=DR*ql\bPQqlbMf\bP-\mATVNlm=Uc5\ekl\bgopOqlU
m
R[dQUcMO[fUS   a#[fqlU;qlNQbU;ef_lM RQpSU;N-_l^m§ZoUgom efb\bPQq=[fb"eO\gHpSUV[OqlU"pS_lMfdQRn[f_lMOUV\beRKdQUcMSRPQUKm
NdQUcMR^RMOPQUg=_lTZHUcMNn6d-UcMf[O\^pSUceRgomAN-_l^m]-_l\^pO=bVMfUKpSNdQUcM$\[OeMfUceO[efqHRkHUQ©`NQMR*TVN-MfU
:oUSl\bZlbUef_lM RQpSU\b[fq"R$efTRbldQRb_lUN  alRZl_`TVkV(NQ_`m*NQglbRklkHU
RnMRMfN-_lgomD"'Rgom*[fqlU
pSNQg=d-UcMfP-UcgopSU[ON8RnMrm$\[OeMOUcef['eOqoRkHU(N-_l^mZoU(efbN(UcM
#Y\bP-\m\[\beRm==goRT;\^ppOqoRMSRQpS[OUcMf\beO[f\^p
N'RdQUcMO[fUS"Rgom*\beglN-[MOUc^R[OU
m[ON&[OqlUglNQ[O\N-gN Rn\bMfglUceOe
#D#UMf\b[fUU
]-_oR[O\N-g Y 5  5 Z#\b[Oq
 ªvRgom  U 
 X 
  v 5 (UPQU[$      	    
  ' 5      NQM    l
465^a7468
 
					 	!	"	$#%&#')(*,+&(*.-*/0 	. 	1(*2#'31#4)( uQz
'#  -! 
 }~
 
 ~ ?\bd-Ucg1[fqlUpSNQg`ef[rRng=[   Z=eOUc[f[O\bglP       UVpiNQgleO[fMrRn\bg [fq`Uef\bTVklbUS
RglP-bUARn[   [ON    g N-Mrm=UMV[fN piNQgleO[fMrRn\bg T;U
Rg pS_lMOdQR[f_`MfU   a([fqlUxMfUc^R[O\bNQg \be    
RMSpSef\bg^Y      Zc5gZHNQ[OqpRefUe
a[OqlUeO_lMRQpSU'g`NQMfTRpSNQg=[O\g=_l\b[R[  TRKg`NQ[ZHU'PQ_oRnMrRngJ[OUcU
m
m=UckHUcgom=\bglP§NQg§[fq`UpSN-glef[OMrR\bg=[fe$NglUc\bP-qJZHNQMO\bglPdQUcMO[f\^pSUceKqlUMfUceO_lb[f\bglPR-pS[f\bN-g1NefqoRnkoU
pSNQg`ef[fMSR\bg=[(F_lgopi[f\bNQgoRnbeTRKZoUefUUcg"\bg;¢oPQ_lMOUv 5 
RIZ ZZ pZ
  MWR=S?LFe6HUuk\U}0OQ| e V=P?zFKFLO9MWPUKlO/|G|UTwMWe4jV=P OfopO/q4ef{`VUjGeT0O  r
}GekMWPUMWKNMCO9T j?eoVJLF{(e4j {(VUjGeTUt   NPUKFe4LF{`e4j_MCO/KFe
zF} O/| e q e-q4V =e4LNMWP?R MWKFz
MWP_MWKNMCO4TzF}0OQ| e
q`NQefUxF_lgHpS[f\bNQgHRbeR-pfq`\UdQU§efTVN=N-[fqlglUefe"pSNQg`ef[fMSR\bg=[fe"Z= pSN-gJ[OMfN-b\bglP [fqlU§TVU
Rng pS_lMOdQR[O_lMfU
RnN-glP1[fq`U"TVUceOq q`U"TVUc[OMf\^p;koRMSRT;Uc[fMO\p;koRnMrRnTVUc[OUcMfe;NQg [fqlU§pSNQg=[fMSRMO RnMfU"bUSD[_lgopOqoRg`PQU
m
\bgNQMSm=UcM[fNP-_oRMSRg=[VRef[SRZlbUZHUcqoRKd=\bNQMm=_lMO\bglP&[OqlU&m=UiFNQMOTR[O\bNQg
  $% ; 
 '  ;  
KªpSNQg=[ONQ_lMmUS¢oglU
m*NQgVReO\bTVklbUSTVUefqa\bemUSFNQMOTRnZlbUeO[fMf_HpS[f_lMOU[fqoRn['\be'qoRgHm=bU
m\bgom=UckHUcgom=UgJ[Ob
Nn[fqlUTVUefq"N-g"ql\^pOq"\b[\beUcTZoUKmlm=U
m K dQUcMO[fUS§ZoUcbN-glPQ\bglP;[fNR;pSNQg=[ONQ_lM\beeO_lZlTV\b[O[fU
m[ONRng
\bg=[fUcMOgoR`FN-MrpSU    
'[fqoRn['Ucg=DNQMrpiUceefqoRnkoUNQM'eOTVN=NQ[OqlglUceOe8piNQgleO[fMrRn\bgJ[OeNn[OqlUpiNQg=[fN-_lMMSR[OqlUcM([fqoRng
[OqlUef_`M R-pSUTVNlm=U 
KpiNQg=[fN-_lMm=US¢oglUKmNQgRu  eO\bTVklbUSVT;Ucefq\beR[OqlMfUcUm=\bTVUglef\bNQgHRpS_lMOdQUQaRngom[fq`UcMfUSDNQMfUglUc\£
[OqlUcMUSlklMOUcefeO\N-glemUS¢oglU
m \bg [OqlUVk`MfUcd=\bNQ_leeOU
pS[O\N-g glNQM[fqlN-efU"m=US¢HglU
m \bg C Uc^ynW&Jm=Ng`NQ[qlNQ^m
YR§[fqlMOUcUSfm=\bTVUcgleO\bNQgoRn8pSN-g=[fNQ_`M&\beglNQ[R"TRgl\£FN-^m"NnpSNlm=\bTVUcgleO\bNQg1NQg`U"Zc =Ucd-UcMrRnUSlklMfUceOef\bNQg`e
Nn R\bMO\g`PUcg`UcMfP-\UeqHReVZHUcUcg klMONQkHNQefUKm MSRglP-\g`P§FMfN-TT;\g`\TRK8pi_lMfdQRn[f_lMOUpS_`MfdQUe C wUcqHnWIJNQM
T;\g`\T_`TªdQRMf\^Rn[f\bNQgVpS_`MfdQUe C w"ly-u&J[fNeOklb\bglUce_lgomUcM[OUcglef\bN-g C E¥ G GJ C ?_lU
y 5 J5qlUFN-MfTVUMUS=
klMOUcefeO\bNQgleRMfU;\bgJ[OMf\bgleO\pRbb"FN-MfT_l^Rn[fU
mxZl_l[bU
R-m§[fN1pSNQT;kl_l[rRn[f\bNQgHRbbm=\S8pS_lb[eSpfq`UcTVUceK1qlU
eOklb\g`UV_lgomUcM&[OUcgleO\N-g eOTVN=NQ[OqlglUceOe&T;U
ReO_lMfUQa#N-g [OqlUpSN-g=[fMrRnMf=a#qoRKdQU[OqlU"m=\berR-m=dQRg=[rRnPQUNeOJe
[OUcTRn[f\^pcRbb"eOqlMf\bgl=\bglP"[OqlUpS_`MfdQUe[fNRMrm§[OqlUc\bMpSUcg=[fUcM;NpS_`MfdQR[O_lMfU-g`ef[fUKRQmaU;klMfN-koN-efUR
eOUc[N(efqoRnkoURgomxefT;N=NQ[fq`glUcefeF_`gopS[f\bN-goRbe[OqoR[m=NglNQ[USlql\bZl\b[Rg=efqlMO\g`J\bglP;U#"U
pS[&Rngom"[OqoR[
RnMfUUSlklMOUcefeOU
m§\bgV[OUcMfT;eN'\bgJ[OMf\bgleO\pkoRnMrRnTVUc[OUcMfeK'qlN-efUF_`gopS[f\bN-goRbeRMOUPQMfUKR[fb;MfUceOUcTZl^Rg=[[fN
[OqlNQeOUN#U
]-_oR[O\N-goulvNQM[OqlNQeOUFN-_lgom\bg C Uc^yWJ
a^acb=d"eefg
uG    		 / 	9	# #!	
K[U
RQpOqdQUMf[fUiVNRpiNQg=[fN-_lM  LY Y  Z Zca=(Um=US¢oglUR[rRg`PQUcg=['d-U
pS[fN-M     a=RglNQMOTRnJd-U
pS[ONQM
     RngomRZ`\g`NQMfTRHdQU
pi[fNQM    
         U
     - U 
    
 U
     - U  
          U
            - U 
    
 U
            - U  
            
©`_lMf[OqlUcMOTVNQMOUQaHef\bTV\b^RMOb[fNVUK]Q_HR[f\bN-gvKzlaH(UUSlklMfUefe[OqlU&kHNQeO\b[f\bNQg"Nn    ReRF_lgHpS[f\bNQgxN\b[fe
FN-_lMglUc\bP-qJZHNQMOeRgomRne(F_lgopS[O\bNQgVNn'[fqlU[fMO\bklbUc[(     
   
      
          
 U
  YSv '     Z   - U      pSNQe&Y    Z       ef\bgY     Z        
	
Yu 5 Z
qlUMfU
1    \be6RTVUc[OMf\^p'kHRMrRnTVUc[OUcM#[fqoRn[pOqoRMSRQpS[OUcMf\bcUe[fqlUZoRMOpiUcg=[fMf\^ppSN=NQMrm\gHR[fUNn[OqlUNQMO[fqlN-P
NQgoRnklMfNKhSU
pS[O\N-gN    N-gJ[ON&[OqlUeOUcPQT;Ucg=[ C   
 U
    - U  J    "    "ªvQ
1     \beRg"Rg`PQbUMOUcklMfUefUcg=[f\bglP[OqlUm=\berpSMOUc[fUpS_lMOdQR[f_`MfU&Rn[     
1     \e[OqlU&RnglPQbU[fqoRn[[fqlU$glNQMOTRHdQUKpS[fN-M      TRQUe\b[fq      ql\beRglP-bU\beeONQTVUi
qoR[MOUc^R[OU
m;[fN[fq`U&m=\berpSMOUc[fU$[fNQMOef\bNQg"Rn[     
1                                   
         

    

                        RgHm          pSNQgleO[f\b[f_`[fURng
NQMO[fqlN-PQNQgHRHFMSRTVUZHRef\beNn6[OqlUglNQMOTRnokl^RnglUQa=NQMO[fqlN-PQN-goR[ON[fqlU[rRnglPQUgJ[d-U
pS[ONQM     
1      MY              X 
Y     ' UX Z       U      - U   
    Z  Y4Z;\beV[fq`U"F_`gopS[f\bN-gm=US¢og`U
m"R[eOU
pS[O\N-g"ul ul 5 Rgom;m=UcerpiMf\bZoUKm"\bg@KklkHUcgom=\£ K&
¥ qlUcg    \be'U
]-_l\^m=\bef[SRg=[#FMONQT«\[Oe'[(NglUc\bPQq=ZHNQMOe
a-[fqlUcg    «v -uRgomU
]-_oRn[f\bNQgVu 5 [rR-Uce
[OqlUef\bT;klbUcM'DNQMfT 
          U
     - U 
u [rRg Y    Z
   
 U
    - U  
u  piNQe&Y    Z       ef\bgY     Z        
	
qlU$\g=[OUcMfgoRnHFNQMSpSU&Rnklklb\bU
mVRn[     \be[fqlUP-MrRQm\UgJ[Nn[OqlUUcglUMfPQ       X         X
"            
465^a7468
 
					 	!	"	$#%&#')(*,+&(*.-*/0 	. 	1(*2#'31#4)( u H
R Z ZZ
  MWR=S?LFe#H GuEO6v
e10 P_MWKNMWVJP2VQo KF}?e(KOQP?R=e4PUKAPGVJLF{O9TktUMWP?V=LF{O4T =e4q-KFV=L OQK O =e4LFKFe-g#VQoO(q4VJPUKFV=S?L j?e10 PGe4j
V=P O(^4npzNMW{(|_TWe-g#{(e4zF}  t r
}Ge | VJzNMWKNMWV=P VQo O =e4LFKFe-gyMWKF}LFe4zF|0e4q4K6KFV(MWKFz
oV=S?LFz
PGeMWRJ}Ut V=LFz MWz6j?e4KFe4LF{ MWPGe4j
yMWKF}KF}?e KF}?LFe4e |0OQLOQ{`e4KFe4LFz  ( $+*   ( $+*   ( $-*
	
"     Y          
 U
 ,YSv'     Z         - U       Y pSN-e&Y      Z       ef\bgY      Z          Z Z
\b[Oq       MY       U      - U  u 
Y     ' vu Z      U     - U   
     Z
qlUMfU      Rgom     RMfUxMfUceOkoU
pi[f\bdQUcb MfUc^Rn[fU
m [fN [fqlU1m=\berpSMOUc[fU pi_lMfdQRn[f_lMOURngom [fN-MfeO\N-g RgHm
pOqoRnMrRQpi[fUcMO\UV[fq`U&eOUc[N8pSN-glef[OMrRn\g=[OeRnklklb\bU
mN-gRVpSN-g=[fNQ_`M
    \be[OqlUTVUc[OMf\^pkoRnMrRT;Uc[fUMRgHm
[Oql\bekoRnMrRnTVUc[OUcM'\be'¢`UKmVm=_lMO\bglP[fq`Um=USDNQMfTR[O\N-g¥1Um=Ui¢oglUFNQ_`Mm=\ "UMfUcg=[[=koUeNnpSNQgleO[fMSR\bg=[fe
N-gARpiNQg=[fN-_lMdQUcMO[fUS  !H)1  }
 ! 
 ~ 
 $^~, ¥1UefUc[         RgHm         qlUcMfU     Rngom    
RMOU[fqlUVpS_`MfMfUgJ[$dQRb_lUceNpS_lMOdQR[O_lMfUVRngom"[ONQMOef\bNQgql\beUSlklMOUcefeO\N-g1NQglb"pSN-glef[OMrR\bgle$[fqlU
m=\bef[SRgopSU$ZoUc[(UcUcgxdQUcMO[f\^pSUceZl_l[glN-[[fqlUc\bMefqoRnkoUQ !H)1 -! 
 ~/ 
 D~,-! 
 }~
 
 ~1s¥1U"efUc[       Rgom       ` qlUxFNQMSpSU[OqlUcg
ef\bTVk`Mf\b[fUeRe               
 U
  Yrv '    Z        - U  5ql\beFN-MrpSU
\beU
]-_l\bdQRbUcg=[5[fN[OqlU'N-glUN-Zl[rRn\bglU
mqlUgTV\bgl\bTV\£c\bglP'[OqlUeS]-_oRMOUeO_lTªNo[OqlU#¢oMOef['m=UcMO\bdQR[f\bd-U
Re\bg C E¥ G GJfq`Upi_lMfd-Uce[fqoRn[g=_lbb\£F&[Oql\be\bgJ[OUcMfgHRDNQMrpiURnMfUeO[fMSR\bPQq=[(\bglUe

- # J`~#  - ! 
 ~/ 
 $F~,-! 
 }~K 
 ~1¥1UefUc[       xRgom            -     -        ¥1UpcRgPQUglUcMrRnb\U[Oql\beUSlklMfUefef\bN-g"Z=RKdQUMrRP-\bglP&Nd-UcMR$RnMfP-UcMUSl[fUcg=[  
       <     < u   v
 \be[OqlU&MO\bPQ\^m=\b["pSN=U8pS\bUcg=[&[OqoR[\beef\bTV\b^RM[ON[fqlUeO\T;klbUS"TVUceOqpRefU-0+(\bMrpSbU
m1RnMfU[fqlU
NQglbVpSbN-efU
m"pi_lMfd-UFNQM(ql\^pOq[fqlUpS_lMOdQR[O_lMfU&piNQg=[f\bg=_l\b[VpSNQg`ef[fMSR\bg=[\begJ_`UdQUcMOJq`UcMfUQ
a^acb=d"eefg
uIG   		 / 	9	# #!	
Contour
Vertex on the surface mesh R Z ZZ
  MWR=S?LFe H  ulO 	%q4V=PUKFVJSGL =e4LFKFe-g }0OQzlV=P?e6P?eMWR=}Ut0V=LKF}0OQKljGVUe-zPGVJKkt eTWVJPGR(KFV KF}?eq4VJPUKFV=S?L &e
q/O/P(jGe0 P?eOQK&  ( $-* O zFS?LNopOQq-e P?V=LF{O4T Je4q4KFV=L tr
}Ge KOQP?R=e4PUK OQK
KF}?eJe4LFKFe4g MWzV=LFKF}?V=RJV=P0O9TlKFVKF}Ge zFS?LNopO/q4e P?V=LF{ O9T
=e4q-KFV=L   ( $+*   ( $+* MWzKF}Ge O/PGR/TWe t e-KNye4e-P#KF}Ge zFS?LNopOQq-e PGVJLF{O9T =e4q4KFVJL O/PGjBKF}Ge q4VJPUKFV=S?L6P?V=LF{O4T Je4q4KFV=L
'#  ! 
 }c~K 
 ~¥1UVeOUc[         Rgom          qlUcMfU    Rgom     RnMfU[N
pSNQg`ef[rRng=[fe

Q NQ_`gomlRMOpSN-gom=\b[f\bNQg`em=UceSpSMf\bZHUqlNpSN-gJ[ONQ_lMOe&RMOU&UTZoU
m`m=U
mx\g`ef\^m=U&R;TVUefqqlUef\bTVklbUS
T;Ucefq1klMONd=\mUce&ReO\T;klbU&RK"NnefUc[O[f\bglP§ZoN-_lgomlRnMf1pSNQgom\[O\bNQgleZ=1pSNQg=[OMfNQbb\bglPVeO\bTVklbUSRnglPQbUce
    Rn[U
RQpOq dQUMf[fUi Nn&pSNQg=[fN-_lMD    J qlU"_`gom=UcMO=\bglP Rnefef_`TVkl[O\N-g \be[fqHR[efT;N=NQ[fq`glUcefe
FN-MrpSUemUS¢oglU
m§[OqlMfN-_lPQq§j']-_oR[O\N-gle,YuQuIZRk`klbV[fN;ef_lM RQpiU&T;Ucefq"bNlpcRn[fU
m"RnMfN-_lgomU
R-pOqpSN-g=[fNQ_`M

¥1UklMONQkHNQefU$[N[=koUceN#ef_lM RQpSUipSN-g=[fNQ_`MpSN-glef[OMrR\bg=[fe/
- # J`~#  - ! 
 F~/+! 
 wU
Rng +(_lMfdQRn[f_lMOUNQM(ef\bTVk`UiRglP-U\beefUc[ZJ
     RnMrpSeO\bg Y         Z          
3 
!
 ~-! 
 D~! 
 qlURnglPQbU(ZoUc[(UcUcg;[fqlU[SRglP-Ucg=[#kl^RglURgom$[fq`UpSNQg=[fN-_lM'glN-MfTRJRne#TVU
R 
ef_lMOU
mRMONQ_lgom[OqlUpiNQg=[fN-_lM[SRglP-Ucg=[d-U
pS[ONQM
a=\bg=[f_`\[O\bdQUcb&pSN-MfMOUcefkHNQgome[fN[OqlURglP-U(ZHUc[UUcg
[fqlU;ef_lM RQpiURgHm1pSNQg=[fN-_lM
§j'RQpOq pSN-g=[fNQ_`M&d-UcMf[OUS    qHRe[NglUc\bP-qJZHNQMOe&N-g1[fqlU;erRnTVU
pSNQg=[ONQ_lMRgom R[fq`\MSm§NQg [fqlU;TVUceOq=\bgopiUV[fq`UVglN-MfTRn'dQUKpS[fN-M&Nn[fqlU;ef_lM RQpSUT;NmUcR[
   a     a-\e[fqlUglNQMOTRlRn['[fqlU[fMO\RnglPQbUTRQm=U(Z=&\b[feglUc\bPQq=ZHNQMfeKa    \be'kHUcMfkHUcgom\pi_l^RM
[fN     Rgom\be[fqlUcMOUSFN-MfU\bglef\^m=U$[fqlUk`RnglUWY    
     Z.YFeOUcU©\bP-_lMfUVvKz Z¥1U\bbMfUiFUcM
Re   a-[fqlURglP-UZHUc[(UcUcg     Rngom     #gNQMrmUcM[fN&piNQgleO[fMrRn\bgV[fq`Uef_`M R-pSU[ONTRnQU
Rg"Rg`PQbU    \b[fq[fq`UpiNQg=[fN-_lMR[     a=(UefUc[       '    
©5\bPQ_`MfUVv= efq`Ne[fq`U¦m=\ "UcMfUgopSUZHUc[UUcg[OqlUglNQMOTRpiNQg=[f\bg=_l\b["pSNQgleO[fMSR\bg=[,Y^¢HPQ_lMOU¦RIZRgHm
ZZ ZRgom [fqlU"pS_`MfdQR[O_lMfU§pSNQg=[f\bg=_l\b[1pSNQgleO[fMSR\bg=[ Y^¢oP-_lMfU"pZRngom mZ Zc qlU;FNQMOTVUcMpSNQgleO[fMSR\bg=[\e
U
]-_l\bdQRnUgJ[$[fN"kHUcMDNQMfT;\bglP"R"pSNQg=d-NQb_l[f\bN-g"\b[fq ReOTVN=NQ[Oql\bglPQUcMOglUc(NNQMSm=UcMNQglU-qlUV^R[O[fUcM
465^a7468
 
					 	!	"	$#%&#')(*,+&(*.-*/0 	. 	1(*2#'31#4)( uQy
R Z ZZ
pZ mZ
  MWR=S?LFeH  Uu
O  $q4VJPUKFV=S?L6j?e10 PGe4j V=P O(zNMW{(|UTWe4g#{(e-zF}MWz6zFS?tG{ MWKFKFe-j KFV(P?V=LF{O4Tlq4V=PUKNMWPUSUMWKNx q4V=P?zFKFLO9MWPUKFz
r
}Ge
q4VJPUKFV=S?LfMWPUKFe4LF| V/TCOQKFe4j#KF}?e
| V=zNMWKNMWVJPVQo40 =eq4V=PUKFVJSGL Je4LFKNMWq4e4z j_MWzF|UTCO4x=e4j#yMWKF}(KF}?e6tUTCOQq (z 
US0OQLFe4zlr
}Ge
zFSGLNo OQq4e {(e-zF}}0OQz
e =e-LFxUy}?e4LFe PUS_TwTA{(e/O/Pq4S?LJOQKFS?LFe t  e4P?jGe-LFe4j#j_MWzF|UTCO4x#VQoO q
\GO/{(e OQzO  e-gUq4e4|?K
KF} O/KKF}?e6q4VJPUKFV=S?L MWz zFSGt?{ MWKFKFe4j#KFV q4S?L=O/KFSGLFe q-V=PUKNMWPUSUMWKNxq-V=P?zFKFLO9MWPUKFzr
}?e6q4VJPUKNMWPUS_MWKpxV/okP?V=LF{O4T MWz
KF}?e4P
=e4LNM 0 e4j O/Ke9OQq}0 Je%0 gUe4j Je4LFKNMWq4e4z j e4PGj?e4LFe4j#jUMWzF|UTCO9x#V/olq
pSN-glef[OMrRn\g=[KaN-g[OqlUNQ[OqlUcMqoRngomapRglglN-[ZoUUSlklMOUcefeOU
m \bg[OUcMfT;eNnb\bglU
RMeOTVN=NQ[Oql\bglPZl_l[TRK
ZHUefUcUcg"RneeOTVN=NQ[Oql\bglP[fqlUpS_lMfdQRn[f_lMOUdQRb_lURbN-glP[fqlUpSN-gJ[ONQ_lMK#qlUpiNQg=[fN-_lMNn¢oPQ_`MfUQv= &pZ(RgHm
mZqoRepiNQgleO[rRg=[.Ym=\berpSMOUc[fU"ZpS_`MfdQR[O_lMfU-gZHNQ[OqApRefUe
aHUqoRKd-URklklb\bU
mRpS_lMOdQR[O_lMfU&piNQgleO[fMrRn\bgJ[
ZHUc[(UcUcg [fqlUVpiNQg=[fN-_lM&RgHm§[fqlUT;Ucefq pOqoRnMrRQpi[fUcMO\U
m ZJxcUcMfN§TVUKRg1pS_lMfdQRn[f_lMOU      `qlU
T;UcefqqoRneUcdQUcMO=qlUcMfUg=_lboT;U
RgpS_lMOdQR[f_`MfUWYDTV\bgl\bTVRlT;UcefqZc
©5\bPQ_`MfUv"Hm=\befkl^RK=eR;eO\T;klbUS"TVUceOq"\b[fq§[fqlUeSRT;U&pSNQg=[ONQ_lM&piNQgleO[fMrRn\bgJ[Rne\bgx¢oPQ_`MfU"vJ ;pZ
Rngom1mZZl_`[&Rklk`\bUce[SRglP-Ucg=[&pSNQg`ef[fMSR\bg=[ZHUc[UUcg [OqlUef_lM RQpiURgHm"[OqlUpSN-g=[fNQ_`M
V©5\bPQ_lMOU"v"HR Z
pSN-MfMOUcefkHNQgome"[fN Rng RglP-bUNn      'y-zxql\bU;¢oP-_lMfU v"H1R ZpiNQMfMOUcefkHNQgHm=e"[fN Rng RglP-UNn
     vcWJz  ZHUc[(UcUcgV[OqlUpiNQg=[fN-_lM'glN-MfTRnlRgom[OqlUef_lM RQpiUglN-MfTRngZoN-[fqVpcRnefUceKa=URklk`
RpS_`MfdQR[O_lMfUpSNQg=[f\bg=_l\b[VpSN-glef[OMrR\bg=[NQg[OqlUTVUceOqd-UcMf[O\^pSUce

©5\bgoRnb=aO¢oPQ_`MfUv"GeOqlNe'RdQRefU[fqoRn[Re#pSMfUKR[fUKm$FMfN-TRpS=b\bgom=UcM#Z=m=US¢ogl\bglP[OqlMfUcU\bg=[fUMfTVUi
m=\^Rn[fUpSNQg=[fN-_lMfe#\b[fqRefeONlpS\^R[fUKmUcgHm&pSN-gom=\b[f\bN-gle
5NpSNQg=[ONQ_lMOe6RnMfUm=US¢og`U
mZ=[OqlU(\g=[OUcMfkHNQ^R[O\bNQg
NnlFNQ_`MglN-g=piNQkl^RgHRMkHNQ\bg=[feKq`UT;Ucefq\be#pSNQgleO[fMSR\bglU
m$[fNTRnQU'RgRglP-UN nWRgHm ' W\b[Oq
[OqlNQeOU[N"pSN-gJ[ONQ_lMOe
q`UMfUcTR\bgl\bglP[fq`MfUcUpSNQg=[fN-_lMfe$qoRKdQUR;cUcMfNxTVU
RngpS_lMOdQR[f_`MfUpiNQgleO[fMrRn\bgJ[
\b[fq[OqlUef_lM RQpSU$TVUceOq
a^acb=d"eefg
5     		 / 	9	# #!	
R Z ZZ
  MWR=S?LFeH Uu
O 
 e q4V=P?zFKFLO9MWPUK KF}?e zFSGLNo OQq4e PGVJLF{O9T Je4q4KFVJL6KFV({O  =e`OQP O/PGR/TWe V/o    ( $-* c I    yMWKF}#KF}Ge
q4V=PUKFVJSGLPGVJLF{O9T =e4q-KFV=L t
\GO/{(e OQz OfyMWKF} O/P#OQP?RQTWe`VQo    ( $+* c H  
RIZ ZZ
  MWR=S?LFe H _u O  JOQzFe q4LFe/O/KFe4joLFVJ{ O q-x=TwMWPGj?e4L`OQP?j0 Je q4V=PUKFVJSGLFz yMWKF} OQ|?|?LFV=|?LNMCOQKFe(e4P?j#q4VJPGjUMWKNMWV=P?zkt
rke4gUKFS?LFe j_MWzF|UTCO4x#VQo O
465^a7468
 
					 	!	"	$#%&#')(*,+&(*.-*/0 	. 	1(*2#'31#4)( 5 v
       /(  
     }     
 E ~   
  - ! 
 }c~K 
 ~}
qlU;USl[fUcMOgoRFN-MrpSUceRk`klb\UKm"N-g RVeO\bTVklbUST;Ucefq§NQMO\bPQ\bgoR[OU&U\[OqlUcM$FMfN-T3[OqlU_lefUM&\bg=[fUcM RQpiUVNQM
FMONQTªeONQTVU[fqlMOUcU8m\T;UcgleO\N-goRQm`R[rR`g$[fqlUFNQMOTVUcM#pcReOUQa-U'qHRKdQUm=Ui¢oglU
m[(Nm=\ "UcMfUgJ[#T;Uc[fqlNlm=e
FN-M&R_leOUcM[fN"\bg=[fUcMSRQpS[O\bdQUcb1m=USFN-MfT Ref\bT;klbUS"TVUceOqqlU¢oMOef[TVUc[OqlNlmpSN-glef\beO[fe\bg_`ef\bglPRng
UcbU
pi[fMfN-gl\^p"T;NQ_leOU"Rgom pSb\^pOJ\bglP Rn[kl^RQpSUxqlUcMfU§[fq`U"_lefUMRg=[[ON m=MrRnP R§TVUefq qlU"kl\£lUc
kHNQeO\[O\bNQgVm=US¢HglUceR[fqlMOUcUm=\bTVUcgleO\bNQgoRnJb\bglUpSNQMOMfUceOkoN-gom=\bglP[fN[fqlU\bglUNnef\bPQq=[K#qlU\bg=[fUcMOefU
pi[f\bNQg
Nn[fql\be(\bglU(NeO\bPQq=['\b[fqVRk`RnglUkoRnMrRbbUcl[ON&[OqlU\bTRPQUkl^RglURngombNpR[fUKmVR[[fqlUTV\^mlm=bU(N[fqlU
eSpSUcglU\bepSNQT;kl_l[fUKmRngomReOklMf\bglPDNQMrpiUZoU[UcUg[Oql\be\g=[OUcMfeOU
pS[f\bN-g"koN-\bgJ[RgHmV[OqlU&pSbN-efUceO[dQUMf[fUi
N-gR*ef\bTVklbUSTVUceOq"\beUSlUcMO[fU
m YFeOUcU¢oPQ_`MfUv
yl RIZcqlU&g`Uc\bPQq=ZoN-Mf\bglP;dQUcMO[f\^pSUceRMOU¦Rn[f[OMrRQpi[fU
m§[ONJN
\b[fq Rg RTVk`\b[O_om=Um=U
pSMOU
ReO\g`P \b[fq1[OqlUc\bMVm=\bef[SRgopSU;FMONQT[fq`UApiN-efUceO[dQUcMO[fUS Q N-[fq ef[f\ "glUceOe
pSN-glef[SRg=[Rngom;[fqlUglU\P-q=ZoN-MfqlN=Nlm;USl[fUcg=[pRgZoUR-mchS_leO[fU
m[ON&MOUcbU
ReOUgoRn[f_lMSRmUSFNQMOTRn[f\bNQgleK
q`UeOU
pSNQgHmTVU[fqlNlmTRQUe_`efUNd=\bMf[f_HR=MfU
Rnb\[$[fU
pOqlgl\^]-_lUceKaQgHRTVURd=\bMf[f_HRlqoRngomm=Mf\bdQUg
Z=[N[fqlMOUcUm=\bTVUcgleO\bNQgoRn
[OMrRQpO-UcMfeOYDefUcU¢oP-_lMfUu   Z=UdQUcMSR=TVNlmlRn\b[O\UeoqoRneZHUcUcgR[O[rRQpOqlUKm[fN[fqlU
d=\bMf[O_oR5qoRgom¤  g`UN#[fqlN-efU\be[fq`UkoN-efeO\Z`\b\b[[fNP-UcglUcMSR[OU&RMfUck`_lbef\bdQUkHNQ[fUgJ[O\^R¢HUc^mpiUcg=[fUcMOU
m
Rn[[fqlUkHNQeO\b[f\bNQg§N[fqlUd=\bMf[O_oRqoRgom§RgHm§qlNQeOUVRTVk`\b[O_om=UeOqoRMOklbm=U
pSMOU
ReOUce\b[fq m=\beO[rRgHpSUQ
q=_leKaJRTVNlm=UJ\be'm=USDNQMfT;U
mRne'[fqlU(_leOUcMT;NdQUce5[fqlUd=\bMf[O_oR=qoRngompSbNQefUM'[fN[fq`UTVUceOqq`\e#\be#glNQ[
R$dQUcMOVRQpcpi_lMrRn[fUTVUc[OqlNlm$FNQMefqoRnkl\bglP¦RPQUcN-TVUc[OMf\^p(TVNlm=Uc5[\be'g`NQglUc[OqlUcbUceOe_leOUSF_lHFN-Mm=MSRPQP-\bglP
R$ef\bTVk`Ui&TVUceOqNQ_l[NRg;_lgom=Uef\bMrRnZlbUkHNQef\b[O\N-g#©lN-M'TVN-MfUm=Uc[rRn\be(NQg[OqlU_`efUNd=\bMf[O_oRHMfU
Rnb\[
[OU
pOqlgl\^]-_lUce\bgpSN-g
hS_lgopi[f\bNQg\b[fq;ef\bTVklbUSVT;Ucefq`Uce
a=eOUcU C +L'yWIJf
   C  `~
 - ! 
 }c~K 
 ~}
g R;ef_`M R-pSUVMOU
pSNQg`ef[fMO_opS[O\N-g eSpfq`UcTVUZoRnefU
m§N-g m=USFN-MfTRZlbUT;NmUcbe
aUSl[OUcMfgoRn'DNQMrpiUce¦piNQgleO[fMrRn\bg
[OqlUm=\beOkl^RQpSUcT;Ucg=[NRATVNlm=Uc#[fNRMSm§efN-TVU[fq`MfUcUm=\bTVUcgleO\bNQgoRn6m`R[rR`"=Ucd-UcMrRnUSlklMfUceOef\bNQg`e&Nn
[OqlUUSl[fUcMOgoR6FNQMSpSUqoReZHUcUcg1klMONQkHNQeOU
m§Zl_l[Rb5N[fqlUcT MfUcb"U\[OqlUcMNQg§[fq`UglNQ[O\N-g"Nm=\bef[rRngopSU
ZHUc[(UcUcgV[OqlUPQUNQTVU[fMf\^pTVNlm=UclRngom&R$mlR[SReOUc['N-MN-g[fqlUg`NQ[f\bN-g&NnokoN-[fUcg=[O\Rn=¢oUc^m'©`NQM#\bgleO[rRgHpSUQa
Ref[SRM C AKy 5 JRngom,?_4Uc\bU
p C ?_lU
y 5 JoZ`_l\b[5[fqlMOUcUm=\bTVUglef\bNQgHRJm\eO[rRngopSUTRnkle\bg&N-Mrm=UM[ON¢ogom$[fqlU
pSbN-efUceO[koN-\g=[K©`Uc^m=TRnM C ©IKynW*Jm=US¢oglUKmVRP-UcglUcMSRb\bcU
mm=\bef[SRgopSUFMfN-T ReO_lMRQpSUZ=&\bgopi_Hm=\bglP[fqlU
glN-[f\bNQgNnkHNQeO\b[f\bNQga-glN-MfTRn=NQMf\bUcg=[SR[f\bN-g¦RngomklMf\bgopi\kHRpS_lMfdQRn[f_lMOUce(\gVRef\bglPQbUm=\beO[rRgHpSUTVU
Rnef_lMOUQ
 g§[fqlUN-[fqlUcMqoRngomawxpSglUcMOglUc 	#`9BDC w"pSfy 5 JZl_l\b^m=eRkHNQ[fUgJ[O\^R5¢oUc^mAFMfN-T [fqlUPQMSRQm=\bUcg=[\bT
RnPQU&Rngom[fq`UNQ_l[Okl_l[N[OqlU&+Rg`gJ- UcMf\^pOqlU[OqlMfUcUim=\bT;Ucglef\bN-goR5U
m=PQUm=Uc[OU
pS[ONQM
L5NQ[OUcg=[f\^R¤¢oUc^m=e
[OU
pOqlgl\^]-_lUceqHRe[fq`UR-m=dQRg=[SRPQUNnN-glbMfU
]-_l\bMf\bglPR$U
RnefUcP-TVUcg=[SR[f\bN-gVN[OqlUerpSUglUQO<N(UcdQUM
a
N-erpS\bb^R[f\bN-gleN[fqlUT;NmUc'RMfN-_lgomx[fqlUbNlpcRn'TV\bgl\bT_lT TRK"RnMf\befU\£8[OqlUkoN-[fUcg=[O\Rn#¢oUc^m§\beglNQ[
m=Uef\bPQglUKmklMfN-koUMfbJ
¥1U_lefURm=\bef[SRgopSU$TVUc[OqlNlmZoReOU
mNQg;[fqlU\b[fUMrR[O\bdQUpSbNQeOUcef[kHNQ\bg=[ CRQ w"yQuJf K[(U
RQpOq\b[fUcMSR[f\bN-g
Rngom;FN-MUcdQUcMO"dQUMf[fUi   al(UefUKRMrpOqxFNQM[OqlU&pSbN-efUceO[m`R[rRkHNQ\bg=[
	  >    (qlUUSlklMOUcefeO\N-gNn'[fqlUUSl[OUcMfgoRn5FNQMSpSU\e[OqlUcg7
    \
    	  >    
   Y   	  >      Z   YuW Z
a^acb=d"eefg
5 u   		 / 	9	# #!	
Screen
Pixel clicked
positionned at the middle
 of the scene
Plane parallel at the image plane
Intersection between the
 line of sight and the plane
Closest vertex from 
the intersection point
Spring force exerted 
on the closest vertex
R Z ZZ
pZ m>Z
  MWR=S?LFe&H  _uBO ve-zFq4LNMW|GKNMWVJP%VQoKF}?e MWPUKFe-LOQq4KNMJe#zFxUzFKFe4{ oVJL j?eoVJLF{ MWP?R O#zNMW{(|UTWe4g@{(e4zF}&oLFVJ{ O{(VJSGzFe
OQq4KNMWVJP  t hkg?OQ{(|UTWe&V/o KF}Ge#j?eoVJLF{OQKNMWVJP V/o Oo OQq4e#{(VUj?eTEOQLFV=S?P?j%KF}Ge#e/O/LLFe4zFS_TWKNMWP?R o LFV={mO&{(VJSGzFe
OQq4KNMWVJP 
q
 r
}GeS?zFe4LNnMWPUKFe4LNopOQq-eMWPGqTWS?j?e4z O =MWLFKFS O4T }0OQP?j@jGLNMJe4P%tUx KNy V#KFLOQq =e4LFz TWVUq9OQKFe4j;V=P@KF}GeBSGzFe-L
RQTWV =e  j 
hkg?OQ{(|UTWe V/o OEopO/q4e jGeoV=LF{(e-jtUx#O =MWLFKFS O4Tl} O/PGj#VJPKF}?e LNMWR=}UK6zNMWj?e
465^a7468
 
					 	!	"	$#%&#')(*,+&(*.-*/0 	. 	1(*2#'31#4)( 5 5
  MWR=S?LFe ^  Uu 
zFe4L { OQPUMW|GSUTCOQKNMCPGR;zNMW{(|UTWe4g2{(e-zF}Ge4z`y MWKF};O =MWLFKFS O4T }0OQP?j @r
yVV=}UTWe4{ SGzKFLO/q  Je4LFzOQLFe
OQKFKO/q}?e4j#V=PBKF}Ge R/TWV =e MWP#V=LFj?e4L6KFV jGLNMJe(KF}?e =MWLFKFS O4Tl} O/PGj 
a^acb=d"eefg
5 W   		 / 	9	# #!	
qlUMfU   \beV[OqlU§glNQMOTRd-U
pS[ONQMRn[   Rngom \;Y  Z*\be[OqlU§ef[f\ "glUceOeF_lgopi[f\bNQg YDefUcU§¢HPQ_lMOUu`v"Zcql\be"Rk`klMfN=RQpOq \beef\bTV\b^RM[fN [fqlU1N-glU_`efU
m \bg C `<fylvZ Jf Q UKpcR_leOU (URnMfU§_lef\bglP R m=\beSpSMfUc[OU
eO_lM R-pSUMOUcklMOUcefUcg=[SR[f\bN-gaQT;Nd=\g`PdQUcMO[f\^pSUce'[ON8RnMrm$[fqlU\M(pSbNQefUef[mlRn[rRkHNQ\bg=[(NQ_`mMfUceO_lb['\bg¦RdQUMf
m=\beONQMfP=Rgl\bcUKmTVUefqef[OMf_opi[f_lMOUUefkHU
pS\^Rbb\bgklMfUceOUcgopSU$NefkHRMfeOUmlR[SRl5gNQMrmUcM[fNeONQbdQU[OqlUm`R[rR
eSRTVk`\bglP$klMfN-ZlbUcTa(UklMfNKhSU
pS[[fqlUdQUKpS[fN-M 	    >    NQg=[ON&[OqlUglNQMOTRHm=\bMfU
pS[O\bNQg'©`_lMf[OqlUcMOTVNQMOUQaqoRKd=\bglPRgUSl[fUMfgoRnFN-MrpSU\bg;[fqlUg`NQMfTRm=\bMfU
pi[f\bNQgUcg=[rRn\beeOTVN=NQ[OqlUcMm=USFN-MfTR[f\bN-gN[OqlUT;Ucefq
qlUeSpcR^RnM  piNQMfMOUcefkHNQgHm=e[ON[fqlU(TR \bT_lT m=\beO[rRgHpSU8Rn[#ql\^pfqRm`R[rRkoN-\bgJ[5ef[OMfNQg`PQb&R[O[fMSRQpS[Oe6R
d-UcMf[OUS#¥ qlUcg[OqlUpSbNQeOUcef[piNQTVk`_l[fU
mmlRn[rRkHNQ\bg=[#\beD_lMf[OqlUcM'[OqoRg  aQ[OqlUcg[OqlUef[O\ "glUceOem=U
piMfU
RnefUce
eOqoRMOklbRgomA[fqlUcMOUSFN-MfU[fq`U&kHNQ\bg=[qoRne\b[O[fbUU#"U
pS[N-g"[fq`U&d-UcMf[OUSkHNQeO\b[f\bNQg Kb\bTV\b[OU
m;MrRg`PQUNn
Rn[f[fMSRQpS[O\bNQg1\beglU
pSUceOerRnMf \bg§NQMSm=UcM[ON"b\T;\b[[OqlU\bg$:o_lUcgHpSUVNn8N-_l[fb\bUcMfe$NQM[fNTVNlm=U'NQZQhSUKpS[fe\b[Oq
goRnMfMON efqoRnkoUceKªg klMrR-pS[f\beOUQa(UpSNQT;kl_l[OU   RneR§kHUcMrpiUcg=[rRP-UNn[fqlU"MSRQm=\b_leNn[fqlU"eOklqlUcMOU
UcgHpSbNQef\bglP[OqlUqlN-bUm`R[rR$efU[
 K[[OqlUZHUcPQ\bglg`\g`P&Nn6[OqlUm=USFN-MfTR[f\bN-gaQ(Ukl\^pOR$RnMfP-UdQRnb_lUNn
  YF_leO_oRbbVu  koUcMSpSUcg=[Nn[OqlUMSRQm=\b_leZ(ZoU
pR_leOU[fqlUTVUceOqVTRKZoU\bgl\b[f\^Rn\bcUKm$ RMFMfN-T [fqlUmlRn[rRl
¥1U[OqlUcgmU
pSMfUKRefU$[fqlUdQRb_lUN  cYm=Ng[fNG$kHUcMrpSUgJ[Z(\bgNQMrmUcM[ONefkHUcU
mJ _lk[OqlUeOU
RMSpfq*FNQM[fqlU
pSbN-efUceO[kHNQ\bg=[

1
1
G(x)
x
  MWR=S?LFe`^_H=u \UKNM P?e4zFz   S?PGq4KNMWVJP  
q`UeOU
RMSpOq Nn[OqlU"pSbNQefUef[kHNQ\bg=[ 	  >   \be[fqlUcN-MfUc[O\^pcRbb \bg  Y  X&ZFNQMRg    MSRglP-U\bTRnPQUQ <N(UcdQUM
a(U"(UcMfU1RZlbU[fN m=U
pSMOU
ReOU1[fqlU§pSNQT;klbUSl\[1[ON  YSv"Z¦FNQMVpcRnb\Z`MrR[OU
m MSRglP-U
mlRn[rR`V¥ q`Ucg1[fqlU;\bTRP-UklMON
hSU
pS[O\bNQg1\be=glNga5UMOUcef[OMf\^pS[[fqlU;efU
RnMrpOq Nn8[OqlUpiN-efUceO[&kHNQ\bg=[\bg
[OqlUMrRg`PQU\bTRP-U&[ONRxb\bglUV\bTRnPQUN[fqlU[fq`MfUcUm\T;UcgleO\N-goR#b\bglUVkHRefeO\bglP[OqlMfN-_lPQq   \bg [fqlU
m=\bMOU
pS[f\bN-g1N   q`\eb\bglUkoReOefUce[OqlMfN-_lPQq§[fq`U&klMON
hSU
pi[f\bNQg1Nn   \gx[fqlUMSRglP-U&\bTRnPQUQaHRgomx(U
N-glbefU
RnMrpOq"RFUc k`\¨lUcbeRMONQ_lgom*[fqlUklMON
hSU
pi[f\bNQg;kl\£U 5¥ qlUgV[fq`UpiN-efUceO[koN-\bgJ[\eFN-_lgoma-qlUcg
eOU
RMSpfq RnPJRn\g\bgR;zKoz\bgom=NRMONQ_lgHm[fqoRn[kl\£lUc K mlRn[rRkHNQ\bg=[\bepSNQgleO\^m=UcMfUKm1Re[OqlUpSbNQefUef[
mlRn[rRkHNQ\bg=[N-glb"\£8\b[b\bUce\bgleO\mUVR"pSNQg`UVNRkHUSA  a5Nm=\bMOU
pS[f\bN-g   Rngom§N[ONQk Rg`PQbU&UK]Q_HR
[ON[Oql\bMf[mUcPQMOUcUce
ql\beRbP-NQMf\b[OqlT (NQMO=e(Ucb#\b[fq"T;NQef[ef[OMf_opS[O_lMfUKm1MrRnglPQUmlRn[rReO_opOqRne[fqlU
Y4+4+ C Y4+OGIGJfa+(=ZHUcMfRMOU C =¥ ylvJNQM[OqlU  PQ\be C =%GIHJefUcg`efNQMOe

465^a7468
 
					 	!	"	$#%&#')(*,+&(*.-*/0 	. 	1(*2#'31#4)( 5 z
©`NQM#_lg`ef[fMO_opS[O_lMfU
m;mlR[SRla(U_leOURlm-[fMOUcUef[OMf_opi[f_lMOUFN-M¢Hgom=\bglP[fqlUpiN-efUceO[mlRn[rRkoN-\bgJ[#\bgleO\mU
ReOklqlUcMOU&Nn6MSRQm=\b_le  (¥ q`Ucg   \beefTRboUglNQ_lP-qal[OqlU&pSN-TVkl_`[rR[O\bNQgV[O\bTVU\beNn6[OqlUeSRTVUNQMSm=UcM
RneFN-Mef[fMO_opS[O_lMfU
m1m`R[rR`(¥ qlUcg"[OqlU&mlRn[rReOUc[klMfNd=\^m=UceZoN-[fqkoN-ef\b[f\bN-gARngomglN-MfTRH\gFNQMOTR[O\bNQga
(U_lefURglNQ[O\N-g&Nn¤m\eO[rRngopSUZHUc[(UcUcgRd-UcMf[OUSVRgomRmlRn[rRkHNQ\bg=[#[fqoRn[pSNQTZ`\g`Uce[OqlUc\bM'kHNQef\b[O\N-goR
Rngom;NQMf\bUcg=[SR[f\bN-gm=\bef[SRgopiUWYFeSRTVURe©`Uc^m=TRnM C ©IKyWJ)Zc
©5\bgoRnb=aq`Ucg ¢o[f[O\g`P1\eONQeO_lM R-pSUcem=US¢oglUKm NQg TVU
m=\^pcRn\bTRPQUe
a#(UV¢Hgom [fqlUpiN-efUceO[koN-\bgJ[
	  >   Re[OqlU\bgJ[OUcMfeOU
pS[O\N-gNn[OqlUglN-MfTRnob\bglUm=US¢HglU
m§R[   \b[fq;[fqlU\beONQef_`M R-pSUQ(ql\be\bedQUMfU8pi\UgJ[Obm=N-glUZJ-UcUckl\bglPVRn[U
RQpOqdQNKlUcNn[OqlU[fMf\^m=\bT;Ucglef\bN-goRl\bTRPQU[OqlU\bg=FNQMOTRn[f\bNQgN#[fqlU
\befN-ef_lM RQpiUQqlUcMOUSFN-MfUQa[OqlU\bg=[fUcMOefU
pi[f\bNQg§\be(FNQ_lgHmVZ="pOqlU
pO=\bglPVqlU[fqlUcM[fqlUdQNKlUcbe\bg=[fUcMOefU
pi[f\bglP
[OqlU&g`NQMfTRb\bglUQaHpSNQg=[rRn\bgleRkHNQMO[f\bNQg"Nn'\eONQeO_lM R-pSUQg"klMSRQpS[O\eOUQa(UNQg`pOqlU
pO"[fq`UFUcªd-NKUe
RnMfNQ_`gom9"fq`U¦pSbN-efUceO[koN-\bgJ[koN-ef\b[f\bN-g 	  >   \epSNQT;kl_l[OU
m\b[fqR;eO_lZ=kl\£Uk`MfU
pS\beO\N-gqlU\befN-ef_lM RQpiU\e5USl[fMSRQpS[OU
m\b[fq&RTVNlm=\£¢oU
mdQUMfef\bN-g&Nno[fqlU(TRnMrpOql\bglPpS_`ZoUce(RbPQN-Mf\b[fqlT C +OG H!J C ?yQuJ
   )1)
) 	   )%6)
g"[OqlUklMfUcd=\bNQ_`eefUKpS[f\bNQg5ao(UqoRKd-U&m=UceSpSMf\bZHU
m§qlN [fNpSNQg=[fMONQ5[fqlUpS_lMOdQR[f_`MfUNn8Ref\bTVk`UiVTVUceOq
\bg1NQMSm=UcM[fNx¢o[eONQTVU[OqlMfUUm=\bTVUglef\bNQgHR'mlR[SRlxg1[fql\beeOU
pS[f\bN-ga'(UVklMOUcefUgJ[[fq`MfUcU"RbP-NQMf\b[OqlTVe
FN-M8piNQg=[fMONQbb\g`P[fqlUeO\T;klbUS&T;Ucefq;[fNQkHNQbN-PQ=qlNQeOUklMfNlpSU
m_lMfUceRMOUk`MfUceOUcg=[fU
m\bgRql\bUcMSRMSpfq`\pR
TRglglUM

q`U¢oMOef[RbP-NQMf\b[OqlT R\bTVeRn[8piNQgopSUgJ[OMrRn[f\bglPdQUMf[f\^pSUeR[(koRMO[feN#ql\bPQq;TVU
RngVpS_lMfdQRn[f_lMOUQ#qlU
eOU
pSNQgHm RbPQN-Mf\b[fq`T3NQg [fqlU;NQ[OqlUcMqoRngoma#_lkmlR[OUce[fq`UT;Ucefq pSNQg`glU
pS[O\d=\b[§F_lgHpS[f\bNQg`e&Z= RQm`m=\bglP
d-UcMf[O\piUce&R[ RQpiUceRMfU$UcbNQglP=R[fUKm©5\bgoRnb=a=UqoRKd-U&m=UceO\P-glU
m§Rql\bP-qlbUcdQUc¤F_lgopi[f\bNQgle[fqoRn[pSMOU
R[OU
UcgHm"pSNQg=[ONQ_lMOeR[\bgoRQppS_lMrRn[fUkHRMf[Oe

   )		


 U
qlU;TVUc[OMf\^pkoRnMrRT;Uc[fUMfe  @   U 
  X 3
   	RnMfUV[OqlUVZHRMflpSUgJ[OMf\^ppSN=NQMSm=\bgoR[OUce&Nn[fqlU*FN=NQ[NRd-UcMf[OUS9#N-gV[fq`U[OMf\^Rg`PQbUTRQm=UZJ\b[Oe[fqlMOUcUglUc\bPQq=ZHNQMfe.YDefUcU$efU
pS[O\bNQg"ul ul 5 Zc5qlNQeOUkHRMrRnTVUc[OUcMfe
pSN-g=[fMfN-l[fq`UMfUc^R[O\bdQUm=\beO[rRgHpSUN8"HFMONQTª\b[fe#[OqlMfUcUg`Uc\bPQq=ZoN-Mf\bglPdQUcMO[f\^pSUceK'¥1UpcRngVm=MrRK RkoRnMrRnbUc
ZHUc[(UcUcg[fqlUT;Uc[fMO\^p'koRnMrRnTVUc[OUcMfe'Nn¤Ref\bTVklbUST;Ucefq\b[fq[fq`U(¢oMfeO['F_`gomlRT;Ucg=[rRnQNRpSN-g=[f\bg=_lNQ_le
eO_lM R-pSUVeO\bgopSUVZHNQ[OqMOUc^R[OUce&[ON"Rg1\bg=[fMf\bgleO\^pT;Uc[fMO\pn  g1[fqlUqoRngoma5[fqlUeO\bTVklbUSRg`PQbUTRK;ZoU
pSN-TVkoRnMfU
mA[fNV[OqlUeOU
pSNQgHmF_`gomlRT;Ucg=[rRnHFNQMOT NReO_lM R-pSURgomMOUc^R[OUce[ONRgxUSl[fMf\bgleO\^pZHUcgom=\bglP
T;U
ReO_lMfUQ ¥ ql\bbUU;qoRKdQU;ZoUSDNQMfU_leOU
m [fqlUeO\T;klbUSRnglPQbUV[ONpiNQg=[fMONQ[fq`UVdQRMO\^R[f\bN-g1NTVUKRg
pS_`MfdQR[O_lMfU-ao(U\bbm=US¢og`U\bg[Oql\beeOU
pS[f\bN-gRklMfNlpSUKm=_lMfU[fNVR-mlRk`[[fqlUeOkoRQpi\g`PVN#dQUcMO[f\^pSUce[ON[fqlU
T;U
RgpS_lMfdQRn[f_lMOUN#[fqlU$TVUceOq
q`U1glNQ[O\N-gªNVRQmlRnkl[f\bd-U1TVUceOqªqoRe"ZHUcUcg eO[f_om=\bU
m Z= efUcd-UcMrRnMfUceOU
RMSpOqlUcMfe C w"pSfy 5 J C N yQuJ
C <  w"y 5 J C Ey 5 J C +w"y 5 Jf"g RbpcRnefUceKa([fqlUc\bMR\bT3\be[fN§klMfNd=\^m=UVRng1NQkl[O\TR#efqHRkHUAmUcerpSMO\bk=
[O\N-gFMfN-T RT;Ucefq\b[OqVR¢llU
mg=_lTZHUcM#Nd-UcMf[O\^pSUce
a=Z=pSNQgHpSUcg=[fMSR[f\bglPdQUMf[f\^pSUeR['ql\bP-qlb&pS_lMOdQU
m
koRnMf[Oe
  _lMRnbPQNQMO\b[fqlT _`efUce[fqoRn[RklklMONJR-pfqZl_`[\epOqoRMSRQpS[OUcMf\bcUKm"Z=V[OqlUFNQbbN\bglPklMONQkHUcMf[O\bUce
1 qlUVpSN-gopSUcg=[fMSR[O\N-gNn8d-UcMf[O\^pSUce\bePQNd-UcMfglUKm"Z="[OqlUbNpR#TV\bgl\bT\b
R[O\bNQgVNn8Rg§UcglUMfPQ  
ql\be&UglUcMfP- USlklMfUceOefUce[OqlU\bgl§ZHUc[UUcg [fq`UT;Uc[fMO\^pkoRMSRTVU[fUcMOeVRgom [fqlUdQRMO\^R[f\bN-gNn
TVU
RngpS_`MfdQR[O_lMfU-
a^acb=d"eefg
5     		 / 	9	# #!	
1 N UcMO[f\^pSUce(NbN TVUKRg&pS_`MfdQR[O_lMfUT;\bPQMrRn[fU'[ON8RnMrmglU\P-q=ZoN-Mf\bglPd-UcMf[O\^pSUce(NMfUc^R[O\bdQUcb^RMOPQUcM
TVU
RngpS_lMOdQR[O_lMfUQ*qlUcMfUiFNQMOUQa[OqlUVpSN-gopSUcg=[fMSR[O\N-g1Nd-UcMf[O\^pSUce\eP-NdQUcMOglU
mxZJx[fqlUMOUc^R[f\bd-U
dQRMO\Rn[f\bNQgNnpS_lMfdQRn[f_lMOUQ
1 N UcMO[f\^pSUceN#ql\bPQqTVUKRgVpS_lMOdQR[O_lMfUqoRKdQUTVUc[OMf\^pkoRMSRT;Uc[fUcMOepSbNQeOU[fN U \bgNQMSm=UcM[ONNQZl[SR\bgR_lgl\£FN-MfT pSN-gopSUcg=[OMrR[O\bNQg"R[ql\bP-qlbVpS_lMfd-U
m;koRMO[feK
¥1UklMONlpSUcU
mxZ=VkHUcMf\bNlm=\^pcRbbR-mlRk`[f\bglP[fqlUT;Uc[fMO\^pkHRMrRnTVUc[OUcMfe[fN[OqlUTVUKRg"pS_lMOdQR[f_`MfUNnR
T;Ucefq#\£   \be[fq`UdQRnb_lUNn[fq`UT;Uc[fMO\^p(koRMSRTVU[fUcMOeR[(\[OUcMrRn[f\bNQg 
 al[OqlUcgUpSNQT;kl_l[OU[fq`UTVUc[OMf\^p
koRnMrRnTVUc[OUcMR[\b[fUMrR[O\bNQg 
72!"Re/

 -     
v
u   
qlU$UcglUcMOPQ   \bem=Ui¢oglU
meO\bTV\b^RMfb[ON&[OqlUUcg`UcMfP-   m=UceSpSMf\bZHU
mx\g;efU
pi[f\bNQg 5  5 
   vu Y    '   Z X YuQz Z
qlUMfU    \bepSNQT;kl_l[fUKm Re"R§D_lgopS[O\N-g N[fqlU§dQRMO\Rn[f\bNQg N&[OqlU1RZleONQb_l[fU§dQRb_lUNn&[fqlU§TVUKRg
pS_`MfdQR[O_lMfU-'¥1Um=UcMf\bd-U[fqlUUSlklMfUceOef\bNQg;N    Z=¢oMOef[pSNQgleO\^m=UcMf\bglP$[fqlUT;U
RgdQRb_lU(N[fqlURZleONQb_l[OU
T;U
Rg&pi_lMfdQRn[f_lMOU     Y           	       
    Z  5 ¥1U([fq`Ucg¦piNQTVk`_l[fU([fqlU(MfURn[f\bdQU(TVUKRg
pS_`MfdQR[O_lMfUm=Ucd=\^R[f\bN-gVdQUKpS[fN-M      
    8


  	     
              
       	 
    
        
¥1U;\bglx[fqlUdQRb_lUNn[fqlU;MfUSDUcMfUcgHpSUT;Uc[fMO\^pkoRMSRTVU[fUcM    \b[fq1[OqlUMfUc^R[O\bdQUTVUKRg pS_lMOdQR[O_lMfU
m=UdJ\^Rn[f\bNQg;dQU
pS[ONQM/
    v5  &     Yu?  Z
  \beR$pSNQgleO[rRngJ[[fqoRn[8pSN-g=[fMfN-be'[fqlUUSl[fUcg=[(N[OqlURQmlRnkl[f\bd=\b[N[OqlUef\bT;klbUS&TVUefqVRgHm\e_lef_oRnb
pOqlN-efUcg1ZHUc[(UcUcg  l   5 RgHm  l uQz`,<N(UcdQUM
aeO\gHpSUUPQ_HRMrRng=[ARnbTVU[fMf\^pkHRMrRnTVUc[OUcM  ,  [fN;ZoUP-MfU
Rn[fUcM[OqoRg  l  QzRgHm§N(UcM[OqoRg  lRG 5I5 a(UVTRK"qoRKd-UVR  ef_`Zlef[SRg=[f\^Rbb§N(UcM[OqoRg  l  Qz`
©5\bgoRbb(UqHRKdQU0

 -      vu Y    ' 
 -  Z Yu H Z
qlU1pSN=U8pS\bUcg=[ UX UcgoRnZlbUce"R1efT;N=NQ[fq`UcMVdQRnMf\^R[O\N-g N&[OqlUT;Uc[fMO\^pkoRMSRT;Uc[fUcMOeVNd-UcM[f\bTVUQ gklMSRQpS[O\^pSUQa(U"pfq`NJN-efU"[ON1_lkmlR[OU[OqlU"T;Uc[fMO\p*koRMSRT;Uc[fUcMOeUcdQUMf;! v  §\b[fUcMSR[O\N-g \bg N-Mrm=UMV[fN
eO[rRZ`\b\bcU[fq`UTVUceOqVZHUSFN-MfUMOUS UdQRb_oR[O\bglP&[OqlUTVU
RngpS_`MfdQR[O_lMfU$NdQUcM([fqlU$TVUceOq
©5\bPQ_`MfU&u-uRgom"u 5 efqlNe[OqlUU#"U
pS[Nn'[fqlUTVUceOq"RQmlRnkl[rRn[f\bNQgNQgx[N\befN-ef_lM RQpiUceefqoRnkoU
m§Re
R§pS_lZHURgHm R§pSMfN-efe
 q`U\bgl\b[O\Rn'TVUefqlUceVpiNQMfMOUcefkHNQgHm [fN§[fqlU"m=UiFNQMOTR[O\bNQg§NRxefUTV\£ MOUcPQ_`RnM
eOklqlUcMO\pRTVUefq;qlUTVU[fMf\^pkoRnMrRnTVUc[OUcMfe&RnMfU[OqlUcg UK]Q_HR([fN U  KF[OUcM[fq`UVTVUefq1RQmlRnkl[rRn[f\bNQgad-UcMf[O\piUce'gl\^pSUcbpSN-gopSUcg=[fMSR[OUceR[q`\P-qlbpS_`MfdQUKmkoRnMf[Oe
a[OqlUbUcd-UcQNnpSN-gopSUcg=[fMSR[O\N-gZHUc\bglPpSN-g=[fMfN-bUKm
Z=V[OqlUdQRn_`UN  
465^a7468
 
					 	!	"	$#%&#')(*,+&(*.-*/0 	. 	1(*2#'31#4)( 5 H
RIZ ZZ
pZ mZ U"Z
  MWR=S?LFe^=^Uu O 6r
}Ge MWP_MWKNMCO4T
{(e4zF} yMWKF}&KF}?e MWzFVJzFSGLNopO/q4e t6KF}Ge {(e4zF}!0 KV=P KF}Ge MWzFV=zFS?LNopOQq4e  r
}?e({(e4KFLNMWq
| O/LOQ{(e-KFe4LFz(O/LFe(e Je4LFxUy
}Ge4LFee
US0O9T KFV  (q6r
}?eO/j O/|GKNMJe{(e-zF}&yMWKF}@O =O4TWSGeBVQo  $ c   WH  j6r
}GeOQj0OQ|?KNM=e({`e4zF}yMWKF}#O =O4TWSGe`VQo  $ c    H  lefr
}?e OQj0OQ|?KNM=e({`e4zF}yMWKF} OJO9TWS?e VQo  $ c   w^   
a^acb=d"eefg
5 G   		 / 	9	# #!	
R Z ZZ pZ
  MWR=S?LFe ^ _ulO r}?efMWPUMWKNMCO9TA{(e4zF}(e4P?qTWVJzNMWPGR(KF}?eMWzFV=zFS?LNopOQq-e?t    MWLFzFK 0 KkyMWKF}(q4VJPGzFKO/PUK{(e4KFLNMWq
|0OQLOQ{`e4KFe4LFz
q
]e4zF}#O4oKFe4LOQj0OQ|?KNMWP?RKF}?e {(e4KFLNMWq | O/LOQ{(e4KFe-LFz6yMWKF}  $ c   WH 
         
 (        (   
wUefq R-mlRkl[O\bdJ\b[§NQkl[O\bTRbbTVNd-Uce&d-UcMf[O\^pSUce[fNRMSm koRMO[feNql\bPQq pS_lMfdQRn[f_lMOUQ <N(Ucd-UcM
a[fqlU
eOqoRkHUm=UceSpSMf\bkl[O\bNQg \beb\bTV\b[fUKm"Z=1[fq`Ug=_lTZHUcMNnd-UcMf[O\piUceVNn[fqlU\bgl\b[f\^R(TVUefq§¥1UV[OqlUcMOUSFNQMOU
\bg=[fMONm_opSURT;Uc[fq`Nm$DNQM(MfUS¢og`\g`P¦R$ef\bTVk`Ui&TVUceOqV\bgVN-Mrm=UM[ON¦pSN-g=[fMfN-[fqlURnZlefN-_`[fUk`MfU
pS\beO\N-gVNn
[OqlUMfUKpSNdQUcMOU
mT;NmUc
¥1UMfUS¢og`U' R-pSUce'NnoRT;UcefqR-pcpSNQMSm=\bglP[fN\[Oe'pS_lMfdQRn[f_lMOUQa[ON\b[Oem=\bef[SRgopiU'FMONQTªeONQTVU 5  mlR[SRlaK[fN
\b[feRnMfU
RRngom¢HgoRbb&[ON\b[fe(UcbNQglP=R[f\bN-gq`UMOUS¢oglUTVUcg=[klMONpiU
m=_lMOU\bepSNQT;klbUc[fU
m*\bgRg;\b[fUcMSR[f\bd-U
RKVZl_`[NQkHUcMSR[fUeRn[Rql\bP-qlUcMbUcdQU[OqoRg[OqlUTVUefq"RQmlRnkl[rRn[f\bNQg5 Q V\bgopiNQMfkHNQMSR[O\g`P[fqlUglNQ[O\bNQg
Nn8RMOU
RRgomUN-glPJRn[f\bNQg5al(U&Rg=[[ONVMOUS¢oglU[OqlU&UN-glPJRn[fU
m RQpSUepiNQMfMOUcefkHNQgHm=\bglP[fN :R[koRMO[Nn
[OqlUTVNlm=U YDefUcU$¢oPQ_`MfUuQuIZc
q`U8RnP-NQMO\[OqlTªpSNQgleO\bef[fe\g¢oMfeO['UcdQRb_oRn[f\bglPHacDNQMUdQUcMO R-pSU(NRTVNlm=U aKRpSMf\b[fUMf\bNQgTVU
Rnef_lMO\bglP
[OqlU&g`UcU
mAFNQMMOUS¢oglUcT;Ucg=[
q`Ucga` RQpiUceqlNQeOU&pSMf\b[OUcMf\bNQgxUSopSUcU
m=eRPQ\bd-Ucg[fqlMOUcefqlN-^maRMfUMfUi¢oglU
m
Rngom[fq`U&T;Ucefq"\bem=USFN-MfTVUKmm_lMf\bglPRVpSN-glef[SRg=[g=_lTZHUcMNn'\[OUcMrRn[f\bNQg`e
qlU&MOUS¢oglUTVUcg=[k`MfNlpSUceOe
\be(MfUckHU
R[OU
m;_lg=[f\bRblRQpSUcepSMO\[OUcMf\^RRMOUZHUcbN [fqlU[fqlMOUcefq`NQ^m#ql\beRklklMONJR-pfq;qoRe[fqlURQmdQRg=[rRnPQU
Nn8MOU
pSNdQUMf\bglPTVNlm=UcbeerR[O\beF=\bglPVZHNQ[OqP-UcNQT;Uc[fMO\^ppSNQg`ef[fMSR\bg=[feWYDMfUcP-_l^RMO\[§Rgom"piN-efUcg`UcefeN(¢o[Z
Rngom;[fNQkHNQbN-PQ\^pcRpSN-glef[OMrR\bg=[fe YFN-kl[f\bTRnldQUMf[fUixpiNQgopSUgJ[OMrRn[f\bNQgZ
q`UpiMf\b[fUcMO\bNQg\be[fqlUklMONm_opS[Nn#FNQ_lMm=\bTVUglef\bNQg`Uefe(koRMSRTVU[fUcMOe
3'    Dl~/   l   !*" "fo  [(\bepSN-TVkl_l[OU
mRe[fqlUMrR[O\bNNR R-pSURnMfU
RZ=[OqlU[fN-[rRRMOU
RNn
RTVUceOq5qlURMfUKRN6R R-pSU\emUS¢oglU
m;Z=V[OMf\^Rg`PQ_l^R[O\bglP[fq`URQpSURemUcerpSMO\bZoU
mA\g;efU
pi[f\bNQg
ulbvQbv-
465^a7468
 
					 	!	"	$#%&#')(*,+&(*.-*/0 	. 	1(*2#'31#4)( 5 y
3'   ! 
 l~/+! 
 !" "fo  ql\bepSN=U8pi\UgJ[$\eql\bP-q"qlUcg§[fqlU$ R-pSU\beUcbNQg`PJR[OU
m$[\bepSNQT*
kl_l[OU
mVRne8vklb_le'[fq`Um=\ "UcMOUcgopSUNnbUcglP-[fqZoU[UcUgV[fq`UbNQglP-Ucef[U
m=PQURngom$[fqlUefTRnbUef[UKm=PQU
N'R$ RQpSU-aom=\bd=\^m=U
mZ=;[fqlUTVUKm=\^RgVdQRnb_lUNn[fq`UbUcglPQ[OqVNn6[OqlU RQpiUUKm=PQUce
3'    o}#  !" 	V 6}K} F 
 )# =l~   #[\be(UcdQRb_oRn[fU
m*[fqlMONQ_lP-qV[OqlUpSN-TVkl_`[rR[O\bNQgN6RnMfU
R
N[OqlUeOklqlUcMO\pR'kHNQb=PQN-gAmUcerpSMO\bZoU
m§Z=[fq`U&glN-MfTRdQUKpS[fN-MN-g[fqlUW?R_`efef\^Rng"efklq`UcMfU YDefUcU
efU
pi[f\bNQgu` ul WV
3'    Dl~/    }~
 
   ~/!    l~K§[\be&[OqlUVMSR[O\NxN[fq`Um=\bef[SRgopiU[ON"[fq`UApiN-efUceO[¦m`R[rR
koN-\bgJ[Z=[OqlUMrR-m=\b_le  sN[OqlU&pSN-MfMOUcefkHNQgom\g`PVMrRnglPQUmlRn[rR`
q`U[fq`MfUceOqlNQ^m;\be8m=\bT;Ucglef\bN-glbUcefeRne(UcbRgHm\b['\be[OqlUcMOUSFNQMOUUcdQRn_HR[fUKm\bgom=UckHUcgomUcg=[fbVNn[fqlU
eO\UNn[OqlUTVUceOq5¥1UqoRKdQUm=Ui¢oglU
m*[fqlMOUcU[fqlMOUcefqlN-^mFN-MpSNJRnMfeOUQalT;U
m=\b_lTªNQM¢oglUMfUceONQb_l[O\N-g5¥1U
qoRKd-UdQUcMO\¨¢HU
m;[fqoRn[[fqlN-efU[OqlMfUceOqlNQ^m=eUMfUklMSRQpS[O\^pcRbbTVU
Rngl\bglPD_l
q`U&MOUS¢oglUcT;Ucg=[TRKVg`NQ[koUMFN-MfT3(Ucb#\bg"[fqlUk`MfUceOUcgopSU;NeO[fMfN-glPglNQ\beOU&N-MN-_l[fb\bUcMOeq`UcMfU
[OqlU"m=\bef[rRngopSUZHUc[UUcg [fqlUTVUefq1dQUMf[f\^pSUeVRgom [fqlU"mlRn[rR\beMfUc^R[O\bdQUcb§ql\bPQq K[[fqlN-efUkl^RQpSUe
a
[OqlUMfUi¢oglUcT;Ucg=[(NQ_l^mMOUcef_`[\bgAR-pS[f_HRbb¢o[f[O\g`P[fqlUg`NQ\befUQqlUcMOUSFNQMOUQaHUTRK&N-glbRk`klb[fqlU
MOUS¢oglUcT;Ucg=[klMONlpSUcefeR[eOkoU
pi\¨¢HU
mkoRnMf[Nn6R$TVUceOq
gN-Mrm=UM[ONQUcUkV[fq`Ug=_lTZHUcM'NdQUMf[f\^pSUekoUcM R-pSUceRepSbNQefURnekHNQeOef\bZlbU[fN$ef\£aQ(UUc\b[OqlUcM(_lefU
R XX N-koUcMSR[O\N-g"NQMR X  NQkHUcMrRn[f\bNQg YFeOUcU©\bP-_lMfUuW$Zm=UckHUcgom=\bglPqlUc[OqlUcM[OqlU$ RQpSU$qoReTVN-MfUNQMbUceOe[fqHRg;¢odQUd-UcMf[O\piUce

T 25
  MWRJSGLFe`^ ?u6| e4LOQKNMWVJP   oVJLLFe10 P_MWP?R#O opOQq4e
g$¢oP-_lMfUuQz`aU(efq`N Rg$USoRTVk`UNoT;UcefqMOUS¢oglUTVUcg=['\b[fqRg\gHpSMfU
Rnef\bglPbUcdQUlNok`MfU
pS\beO\N-g
     ;    ) 

¥1UqoRKd-U\bTVklbUcTUcg=[OU
m"Rg RnbPQNQMO\b[fqlT [OqoR[&R-mlRk`[fe[OqlUef\bTVk`UiAT;Nlm=Uc'[ONQkHNQbNQP-[ON"[fq`UV[fq`MfUcU
m=\bT;Ucglef\bN-goRm`R[rR`a#Z=pSMOU
R[O\bglP1qlNQbUceNQM$Ucgom=eVRn[&koRnMf[Oe&qlUMfU[fqlUT;Ucefq1\bem=\bef[rRng=[FMfN-T[fqlU
mlRn[rR`¥1UklMONlpSUcU
mxZ=V¢HMfef[pSNQT;kl_l[O\g`P¦Rn[U
RQpOq"d-UcMf[OUS[fq`U&m=\bef[SRgopSU$[fNV[OqlU&pSbN-efUceO[m`R[rRkHNQ\bg=[

¥1U[fq`UcgpSMOU
R[OUcNQg`Uce
aH\ UQeOUc[Nn# RQpSUeqlNQeOUdQUcMO[f\^pSUceRMOUbNlpcRn[fU
m"Rn[8Rm\eO[rRngopSUP-MfU
Rn[fUcM[fqoRng
R$PQ\bdQUgV[fq`MfUceOqlNQ^m*FMfN-T [fqlUmlRn[rRl K efU[N6piNQg=[fN-_lMfeeO_lMfMONQ_lgom\g`P&[OqlNQeOUNQglUceRMOUpSMOU
R[OU
m"RgHm
N-koUcMSR[O\N-g X \be'kHUcMDNQMfT;U
m[fN$MfUcT;NdQU([fqlURMf[O\£¢pS\^RlkHRMf[K5+(NQg=[fN-_lMfe(RMfUef=ef[OUcTRn[f\^pcRnbpSMOU
R[OU
mRnMfNQ_`gom[fq`UglUcb"pSMfUKR[fUKm R-pSUceKqlNQeOU¦mUSFNQMOTRnZlbUpSN-gJ[ONQ_lMOe\bbm=UiFNQMOT [ON¢o[[fqlUeOqoRkHUNn
[OqlUqlN-UUSl\bef[O\bglP&\bg[fq`Um`R[rReOUc[

a^acb=d"eefg
W     		 / 	9	# #!	
R Z ZZ pZ
  MWR=S?LFe ^  uYO\_KO/LFKNMWPGR@oLFV={sKF}?e#zOQ{`e&{(VUj?eTEOQz MWP 0 R=S?LFe ^  t(ye#LFe10 PGe KF}?e#{(e4zF}%yMWKF},OTWV/yKF}GLFe-zF}GV/TWj =O4TWSGe yMWKF}?V=S?K
OQj0OQ|?KOQKNMWVJP#VQoAKF}Ge{(e4zF}GtfzO/{(e O/z
OfyMWKF} OE{(e-j_MWS?{ KF}GLFe-zF}GV/TWj JO9TWS?e q

zOQ{(e O/zOyMWKF} O }_MWRJ}#KF}GLFe-zF}GV/TWj JO9TWS?e
q`\eklMfNlpSUKm=_lMfUqHReZHUcUcg§_leOU
m§\bg[OqlUZl_l\b^m=\bglPN'[fq`U R-pSUTVNlm=Uc YDefUcU¢oP-_lMfUu H ZRgomA[fqlU
eOJ_`#T;NmUc YDefUcU$¢oPQ_`MfU 5 u Zq`U&Zl_`\^m=\bglPNn'[fqlU$ RQpiU&T;NmUceOqlNepSbU
RnMfb"[OqoR[\[N-_l^m;ZoU
m=\S8pS_`[([fNTRnQU([fql\beRnP-NQMO\[OqlTªD_lbR_`[fNQTR[O\pngV[Oql\be8pcRnefUQa`[fqlUMfURMOU[(NcNQglUeRnZoUUKmVRe
m=\beO[rRg=[Kq`U_`klkoUMNQglU&piNQMfMOUcefkHNQgHm=e[fN[fq`UqoR\bMRngom;[fqlUbN(UcMcN-glU\bebNpR[fUKm"R[[OqlUglU
pO
<NUcd-UcM
a((UVRg=[[fN§\g=[OUcMfkHNQ^R[OUV[OqlUTV\befeO\g`PAm`R[rR§pSN-MfMfUefkHNQgom=\bglP1[ON1[fqlU;qoR\bMMrRn[fqlUcM[OqlUcg
MOUcTVNd=\bglP\[K  gx[fqlUN-[fqlUMqHRgoma`\bgN-Mrm=UM[fN;MfU
piNdQUcM[fq`UMf\bPQq=[[ONQkHNQbNQP-Ja=(UglUcUKm[fN;MfUcT;NdQU
[OqlUZoN-[f[fN-TcNQglU-q`UcMfUSDNQMfU-a'(UVqoRKd-UVpfq`NQefUg [ONpSMOU
R[OUUgom pSN-g=[fNQ_`Mfe\bg RefUTV\£Rn_l[fN-TRn[f\p
TRglglUMZ=R-pS[f_HRbbVpfq`NJN-ef\bglPql\^pOqm\eO[rRngJ[NQglU[ON&MOUcTVNd-UQ
  3	7"c%'
qlU(ef_`M R-pSUMOU
pSN-glef[OMf_opS[O\bNQgef=eO[fUcT«URMOU'klMfUefUcg=[f\bglPHaQqHReZHUcUcg\bTVklbUcT;Ucg=[fU
mNQg&R j5+ KbklqoR
KL 5      Qz    \b[fqRP-MrRk`ql\^pSe'RQpcpSUUMrR[ONQMK'¥1U(qoRKdQUm=UceO\P-glU
m;RpiNQTVk`U[fU(_lefUcM(\bg=[fUcM RQpSU[OqoR[
UcgHRZlbUce([fNkHNQeO\b[f\bNQg[fqlUef\bTVk`UiT;Ucefqk`Mf\bTV\b[f\bd-UpSbNQeOU[fN[OqlUMSRglP-UmlR[SRRgom$[fN$efUc[([fqlU[=koUNn
pSN-glef[OMrRn\g=[OeNQg"m=\ "UcMfUgJ[koRMO[feNQg[fqlUT;Ucefq'©`_lMO[fqlUcMOTVN-MfUQaHpS_l[f[O\bglPNQMT;UcMfP-\g`P¦RnMfUkoUMFN-MfTVUKm
TRg=_oRbbZ=VeOUcbU
pS[O\g`PV[fq`URnklklMONQklMO\Rn[fUpSN-gJ[ONQ_lMOeNQM( R-pSUceK
q`UMOU
pSNd-UcMfN'[OqlMfUcUim=\bT;Ucglef\bN-goRN-ZQhSU
pS[OeFMONQT MrRg`PQUmlR[SRklMfNlpSUU
m=e\bg[(Nef[rRnPQUceK(gAR
¢oMOef[ef[SRPQU-a[fqlUT;Nlm=Uc#\be\bgl\b[O\Rnb\U
m"Re$NQglUN[fqlUDNQ_lMklMO\T;\b[f\bdQUceNn¢HPQ_lMOUVuV\b[OqR;b\bTV\b[fU
m
g=_lTZHUcMNd-UcMf[O\piUce
ªq`U"\bgl\b[f\^RT;Ucefq m=N=Uce;glNQ[glUU
m [ON1ZoU§pSbNQefUx[fN [OqlU"MSRglP-UmlR[SRla(Zl_l[
\b[ZoUcqHRKdQUceT;NQMfU;MfN-Zl_lef[Ob1qlUcg [fqlUT;Ucefq MfNQ_`PQqlb§UcgopSbNQeOUceV[OqlU"mlR[SRl1¥1U;efUc[VR§pS_lMOdQR[O_lMfU
pSN-g=[f\bg=_l\b[pSNQg`ef[fMSR\bg=[NQg§[fq`UqlNQbUTVUceOq\b[fq R;ql\bP-qMO\P-\^m=\b[dQRnb_lUQ;K ql\bPQqlb"MO\P-\^mTVNlm=Uc
465^a7468
 
					 	!	"	$#%&#')(*,+&(*.-*/0 	. 	1(*2#'31#4)( Wov
Ucg`ef_lMOUceeOTVN=NQ[OqlUcM#m=USFN-MfTRn[f\bNQg`eRgom$qlUcbk[ON]-_l\^pO=beO[rRnZl\b\bcU[fqlU(TVNlm=UcKMfN-_lgomz  \b[OUcMrRn[f\bNQgle
RnMfU_`ef_oRnbglUcU
mU
m;[fNN-Zl[rRn\g[OqlU¢HMfef[¢o[K#=kl\^pcRnb=aRTVUceOq\b[fq@HQu  dQUMf[f\^pSUe[rR-Uce(Uefe([fqoRng
5  efU
pSN-gom=e[fNef[SRZl\bb\bcU\bg[fq`U¢HMfef[kl^RQpSU-
K[;[fqlU§Ucgom N[OqlU"¢HMfef[eO[rRP-UQa[fqlU§TVNlm=Uc[fUcgHm=e[fN NdQUcMOefT;NJN-[fq [fq`UN-Mf\bPQ\bgoRnmlR[SR RgHm
F_`Mf[fq`UcMfT;NQMfU-aqoRKdQUFUcd-UcMf[O\^pSUce&Rn[ql\bPQq`pS_lMOdQU
m§bNlpcR[O\bNQgleKg1ReOU
pSNQgHm"eO[rRP-UQa(U¢HMfef[[OMf\bT
[OqlUV\bg=[fUcMOkoN-^R[fUKm§koRMO[N[fqlUT;Ucefq RneefUUcg \bg1RklMfUdJ\bN-_leefUKpS[f\bNQg5V¥1U[OqlUcg1efU[¦RbN«dQRb_lU
Nn[fq`UMf\bPQ\^m=\b[koRMSRT;Uc[fUcMRgHm¢HgoRbb¦Rnklklb[fq`U\b[fUcMSR[f\bd-URQm`Rkl[SR[f\bN-gRgHmVMOUS¢oglUTVUcg=[klMONpiUcefeK
ql\beklMfNlpSUefeVpcRng ZHUVMf_`g1NdQUcM[fqlU;qlNQbUT;Ucefq1N-MNdQUcMefUUKpS[fU
m koRnMf[Oe&ql\bbUVm=U
piMfU
Rnef\bglP§[fqlU
MO\P-\^m=\b[kHRMrRnTVUc[OUcM[ON\[OeTV\bgl\bT&_`TOK glUU
]-_l\bb\bZlMf\b_lT \beMOU
RQpOqlUKm§qlUcg§ql\bPQq1pS_lMfd-U
mxkoRMO[fe
RnMfU"eO_$8pS\bUcg=[fb MfUS¢HglU
m Rgom qlUcg dQUcMO[f\^pSUce"pSbNQeOUcb RnklklMfNKl\bTRn[fU;[fqlU"MSRK m`R[rR` ql\beef[rRnPQU
_leO_oRbb[SRQUe#FMfN-T u[ON TV\bg=_l[fUem=UckHUcgom\g`P&N-g&[OqlUeOqoRkHUpSNQT;klbUSl\b[Ja[fqlUUdQUclNn¤R-mlRk`[f\bd=\[
Rngom;MfUS¢og`UcTVUcg=[MOU
]-_l\bMfU
m
1  
  1 13 } ' ©5\bPQ_lMOU'u? (efq`NeR(TV\bgl\bTVRncTVUceOqacqHRKdJ\bglP[OqlU'eOJT;TVUc[OMf(NoRm=Nlm=U
pRqlU
mMfNQg5
qlUT;NmUcRepSMOU
R[OU
m FMONQT R"[OUcefeOUcb^R[fUKm mNmU
pcRq`U
m=MfN-g ef\bT;\^RnM[ON©5\bPQ_`MfUu` Z§¥1UVqoRKd-U
eOqlMf_lg`[OqlU[Ud-UkHUcg=[rRnPQNQg`e[fNVR$koN-\g=[Rgom*qoRKdQUpSN-glef[OMrRn\g`U
m;[fqlUcT [fNef[SRK¢llU
mm=_`Mf\bglP[fqlU
m=UiFNQMOTR[O\bNQgq`UT;UcefqMOUcef_`[O\bglPDMfNQT [OqlUef_lM RQpSUglN-MfTRopSN-g=[f\bg=_l\b[¦pSN-glef[OMrRn\g=[(\beeO_opOq[OqoR[
U
R-pOqd-UcMf[OUS"\eR[[OqlU¦piUcg=[fMfN-\^mN'\b[fe[OqlMfUcUglUc\bP-qJZHNQMOeRngom[fq`UcMfUSDNQMfUqoRnecUcMONVT;U
Rg"pS_lMOdQR[O_lMfU
Ucd-UcMf=qlUMfUQ
  MWR=S?LFe(^ _u ] MWPUMW{O9T zNMW{(|UTWe4g#{(e4zF}B} O =MWP?RKF}?e zFxU{({(e4KFLFxVQo O jGVUj?e4q/O/}Ge4j?LFV=P
  1 
 ( o  ©5\bPQ_`MfUu HeOqlNe[fqlUm=\ "UcMfUgJ[ef[SRPQUeN#[fqlU¢o[O[f\bglPklMONlpSUcefeNQg"R$qJ_`TRg* RQpiU
m=\bP-\[O\bcU
mx\[OqR +(=ZHUcMfRMOUVgop*MrRg`PQU$¢ogom=UcMKqlU¢oMOef[¢H[&m=N=UceglN-[pSNQMOMfU
pS[Ob§¢o[[fqlUglN-efU
Rngom[fq`U&pOql\bgalZl_`[gl\^pSUcb;\g=[OUcMfkHNQ^R[OUce[OqlUT;\eOef\bglPmlR[SRpSNQMOMfUceOkoN-gom=\bglP;[fNV[OqlUqoRn\bM.Y^¢oP-_lMfUZZc
¥1UqHRKdQU¢oMOef[Rk`klb\UKm[fqlURQm`Rkl[SR[f\bN-gk`MfNlpSUceOe[fN;efqlN«[fqoRn[dQUMf[f\^pSUeU#"U
pS[f\bd-UcbpSNQgHpSUcg=[fMSR[fUe
Rn[kHRMf[OeN(ql\bPQq1pS_lMfdQRn[f_lMOU Y^¢oP-_lMfUpZ&q`UTVUceOq"qoReZHUcUcg pS_l[R[[fq`UUdQUc#N[fq`U&glUKpf1RgHm
[OqlUZHNQ_lgom\g`P¦pSN-g=[fNQ_`M\emUSFNQMOTVU
m*[fN¢o[[OqlU&mlRn[rR`
a^acb=d"eefg
W=u   		 / 	9	# #!	
©5\bPQ_`MfUcema URngom§m=\befkl^RK§[fqlUMfUef_lb[N[OqlU"pSNQTZ`\g`U
m1RQmlRnkl[rRn[f\bNQg Rngom1MOUS¢oglUTVUcg=[RbPQNn
MO\[OqlTVeKaHFN-Mm\ "UcMOUcg=[bUcdQUcbeNMfUi¢oglUcT;Ucg=[
qlUVpOql\bga[OqlUglNQeOUQa5[fqlUU
RnMfeVa¤[fqlUUc-UcZlMONe
a5[fqlU
b\bkleRMOUef_opcpiUcefeO\d-Ucb1MfU
piNdQUcMOU
m ZJx\gHpSMfU
Rnef\bglP[fq`UTVUceOqklMOU
pS\bef\bN-gVq`U¢ogoR#T;Ucefq§qoRe;v"H    
d-UcMf[O\piUcepSNQT;koRMOU
m[ON[fqlUu?         mlR[SRkoN-\bgJ[OeklMfNd=\^m=U
m*Z=V[fq`U&m=\bPQ\b[rRnb\UcM

   
%1 !    K q=_lTRgqHRgom$\be6RMrR[OqlUcMm\98pi_lb[N-ZQhSU
pS[[fNTVNlm=Uclm=_`U[fN\b[fe#glNQgpSN-g=dQUSl\b[J
L5UcMFNQMOTRgHpSUceNmJgHRTV\^p(T;NmUc=¢o[O[f\bglP[fU
pOqlgl\^]-_lUceRnMfU\bgom=UcUKmb\bTV\b[fU
m$Z=[fqlUbNlpcRHTV\bgl\bT_lT
klMONQZlbUcT [fqoRn[RMf\beOUceUcefkHU
pS\^RbbFN-MpSN-gopcRKd-U&eOqoRkHUce
YU
pSNdQUMf\bglP"RqoRngomxTVNlm=Uc¤FMfN-T3Ref\bglP-bU
eO_lM R-pSU\b[fqlN-_l[RklMO\bNQMf\Jg`NUKm=PQU(NQ_`mxZHU¦pSUMf[rRn\bglbm=\S8pS_lb[eO\bgopSU[fq`UTVUceOq"N-_l^mqoRKd-U
[ON"TV\bPQMSR[OUZHUc[(UcUcg [fqlU¢og`PQUcMOe
WK T;NQMOUgoR[O_lMrRnRk`klMfN=RQpOq"DNQMMfU
piNdQUcMO\g`PpSNQT;klbUS"NQZQhSUKpS[feKa
pSN-glef\beO[fe\bgVpSN-glglU
pi[f\bglPefUkoRMSR[fU;Zl_l\bb[T;Nlm=Ucbe
aQpiNQMfMOUcefkHNQgHm=\bglP[fNRklk`MfNKl\bTR[OUcb&pSN-gJd-USeO_lZ=
eOUc[feK =\bT;klbUS TVUceOqlUce;N)"UcMV[OqlU"glU
piUcefeSRMf bNlpcRMfUcklMOUcefUgJ[SR[O\N-g YRe;NQklkHNQeOU
m [fN1[OqlU§PQbNQZoRn
MOUcklMfUefUcg=[rRn[f\bNQg§N#MfU
pi[rRg`PQ_l^RMP-Mf\^m=eZ(glUcU
m=UKm"[ON&kHUcMDNQMfT3R BQMOU
pSNd-UcMfZ=VkoRnMf[Oe3Bo
¥1U$qoRKdQUZ`_l\b[RVpSN-TVklbUc[OUqoRngomTVNlm=UFMONQT [(N*+(=ZoUMfRMfUMrRnglPQU\bTRnPQUceKalNQg`UFNQMU
RQpOq
eO\mUN[OqlUqoRgHmYefUU¢HPQ_lMOUuQyIZc#qlUkoRbT Rgom¦¢oglPQUMfeRMfU¢oMfeO[TVNlm=UcbU
m$efUkoRMSR[fURgom[OqlUcg
pSN-glglU
pi[fU
m;\b[fqefUcd-UcMrRn X N-koUMrR[O\bNQgleK#¥1U[OqlUcgVpSN-TVkHUcglerRn[fU[OqlU(¢oglP-UcMm=\befk`R-pSUcT;Ucg=[ZHUc[UUcg[(N\bTRP-Uce'Z=Mf\bP-\mT;Nd=\g`PU\P-q=[fUcUcg"pSN-g=[fNQ_`Mfe[ON&[OqlUc\bMpSN-MfMfUKpS[koN-ef\b[f\bNQg;ql\bbUpSN-glef[OMrR\bgl\bglP
[OqlU&eO_lMRQpSU[ONVQUUck[OqlUeSRTVUpS_lMfdQRn[f_lMOUQqlU$¢ogoRnTVNlm=UqoRneRnZoN-_l[`G      dQUcMO[f\^pSUce&Rngom_leOUce
[OqlU[fUi[O_lMfU$NZHNQ[OqMrRg`PQU&mlRn[rR`
  1 
  !   ¥1UqoRKdQU'T;Nlm=UcbU
mUcbUcdQUg¦m=\beO[f\bgopS[#ZHNmkHRMf[Oe5FMfN-T +(=ZHUcMfRMOUMSRglP-U\bTRnPQUceK
©5\bPQ_lMOU 5  efqlNe#[fq`U8pSN-TVklbUc[OUZHNlm=T;NmUca
pSMOU
R[OU
mNQ_l[#Nno[fqlUUUdQUcgkoRMO[feRngom$[fqlUc\bM#TV\bMOMfNQMOU
m
\bTRnPQUQg"NQMSm=UcM[fNklMONQkHUcMfb"pSNQg`glU
pS[[(NVkHRMf[Oe
ad-UcMf[O\^pSUceRMONQ_lgomx[fq`U8hS_`gopS[f\bN-gRMOU&eOTVN=NQ[OqlU
m
ql\bbUQUcUkl\bglPMfUcTR\bgl\bglPN-[fqlUMdQUcMO[f\^pSUce¢llU
m
13 /'# 
  nk*`~ ¥1U'_`efU
mRg
Y4+4+§MSRglP-UmlRn[rR BJwAU
pcR H B[ON¢o[#Ref_`M R-pSU\b[Oq[(NqHRgom=bUce
YDefUcUV©5\bPQ_lMOU 5 v&ZcqlU$\g`\[O\^RUef[f\bTR[fU$8RneRgxUcb\bkleONQ\^mUcgHpSbNQef\bglP;[fqlUmlRn[rReOUc[
q`U&T;Ucefq"Re
MOUS¢oglU
mx¢HMfef[Rngom[fq`Ucg[OMf\bTVT;U
mVRnZoNd-U[fq`U&[(NVqoRngom=bUceKqlNQeOU&qoRngom=bUceqoRKdQUZHUcUcg1TRg=_oRnb
pSMOU
R[OU
m§Z=pSN-glglU
pi[f\bglPkoR\bMO\eOUNQklkHNQeO\[OU R-pSUce
©\bgoRnbRpSNQg=[ONQ_lMkl^RQpSU
mA\g`ef\^m=UU
R-pOq"qoRgHm=bU
qlUk`e[fNNdQUMrpSN-TVU[fqlU^RQpONnm`R[rR$NQg[OqlUef\^m=UNn[fq`UT;U
pOqoRg`\pRkoRnMf[

  1 
  ¥1U_leOUR              +( lpcRng\TRP-UN6R$q=_lTRngef=_lbq`U\beONQef_`M R-pSU\e
RpSbNQeOU
meO_lM R-pSU\b[OqVRdQUcMOVpSNQT;klbUS&[ONQkHNQbNQP-J©5\b[f[O\bglPRT;UcefqNQgR\befNQeO_lMRQpSUPQMfUKR[fbm=\ "UMfe
FMONQT klMOUcd=\bNQ_lepcReOUceZHU
pcR_`efU[fq`U&mlR[SR\beRnbMfU
R-m=efUcP-TVUcg=[fUKm"RgomxpSNQT;klbUc[fUQqlU¦Rn\bT qlUMfU\e
[ONVMfUKpSNdQUcMRef\bT;klb\¨¢HU
mT;NmUcNn6[OqlUef=_lb#\gN-Mrm=UcM[ONVkHUcMFN-MfT \g=[OUcMrR-pS[f\bdQUm=USFN-MfTRn[f\bNQg;NQgR
eO_lMfP-UcMf§ef\bT_l^R[ONQM C +L'ynW&J$gN-Mrm=UM[ONNQZl[SR\bgR;TVN-MfU R\b[Oq=F_l#TVNlm=U a`\b[(NQ_l^mZHUTVN-MfU
RnklklMfN-klMf\^Rn[fU[ON&_`[f\bb\U[fq`UR$klMf\bNQMO\o=glNbU
mPQUNn[fqlUeOqoRkHURngom[ONQkHNQbNQP-&Nn[fqlU\befN-ef_lM RQpSU-#g
[Oql\beUSoRTVk`U-aQ(U¢oMfeO[m=USDNQMfT Ru      d-UcMf[O\^pSUceeOklqlUcMO\^pcR5ef\bTVklbUSTVUefq[fNRMSm[fq`Uef=_lbmlRn[rRl
qlU$TVNlm=UcH[fqlUg"PQMONQefeObVNdQUMfefT;N=NQ[fq[OqlUeOJ_`UefkHU
pS\^RbbRnMfNQ_`gom;[fqlUhRKqlURQmlRnkl[rRn[f\bNQgNn
[OqlUTVUceOqPQMfUKR[fbVm=UKpSMfU
RnefUce\b[fe(NdQUMrRbom\eO[rRngopSU[fN[fqlUmlR[SRl5N&MOUS¢oglUcT;Ucg=[Re(kHUcMFN-MfT;U
m\bg
[Oql\beUSoRTVk`U-
465^a7468
 
					 	!	"	$#%&#')(*,+&(*.-*/0 	. 	1(*2#'31#4)( W 5
RIZ ZZ pZ
mZ U"Z Z
  MWR=S?LFe^ Uu O 6r
}Ge MWP_MWKNMCO4T
{(e4zF}#MWz O zF|?}?e4LFe(yMWKF} J^  (P?VUjGe4zAt 6KF}?e {`e4zF}MWz%0 K6VJP&KF}?e(zFS?LNopOQq-e r
}Ge
{(e4zF} R=LFVJzFzNTWx O/|G|?LFV/g=MW{OQKFeKF}?e(zFSGLNo OQq4e t e4q/O/SGzFe(MWK6MWz zF{(VUVJKF}Ge-j&V =e-L O`TCO/LFR=ee4gUKFe4PUK OQP?j t e4q9OQS?zFe(KF}Ge
{(e4zF}MWz P?V=K OQj0OQ|?KFe4j Aq6]e4zF} O4oKFe4LKF}Ge`OQj0OQ|?KOQKNMWVJP |GLFVUq-e4zFz r
}Ge =e-LFKNMWq4e4z`OQLFe q4V=P?q4e4PUKFLO/KFe4j O/LFV=S?PGj
KF}Ge
P?V=zFe  KF}Ge
q}_MWPO/PGjKF}?e
e/OQLFz e
q}?V=zFeO =O4TWSGeVQo  $ c    H  Ujkr}?e{(e-zF}(VQo 0 R=S?LFe6tMWzMWKFe4LO/KNM=eTWxOQj0OQ|?KFe4j@O/PGj LFe10 PGe4j   e(q}GVJzFeO(zF{O9TwT JO9TWS?eVQo  $ c       O/PGj O TWV/y'KF}?LFe4zF}GV/TWj&oVJL6q4VJPUKFLFVQTwTwMWP?R KF}GeLFe10 PGe4{`e4PUK el\?OQ{(e O/zj kt?SGK
yMWKF}BOE{(e-j_MWS?{ OQ{(VJSGPUK VQokLFe0 P?e4{(e4PUK?of\?OQ{`e OQz j ft?S?KyMWKF}O6TCOQLFRJe
OQ{(VJSGPUKVQoALFe10 P?e4{(e-PUKa^acb=d"eefg
W-W   		 / 	9	# #!	
R Z ZZ pZ
  MWR=S?LFe#^ _u`O r
}Ge(LFe-PGj?e4LFe4j@{(e4zF} LFe4zFS_TWKNMWP?R&oLFVJ{ KF}?e j?eoVJLF{OQKNMWVJP@VQo
KF}?ezF|G}?e4LFe  P&e-PGj q-V=PUKFV=S?L
ye4LFe q4LFe9OQKFe4j O/KKF}?e6TWVUq/O/KNMWV=P V/olKF}Ge P?e4q   t 
r}?e LFe4P?jGe-LFe4j#{(e4zF}#q4VJLFLFe4zF| VJPGjUMWPGR#KFV 0 RJSGLFe`^  )o r
}Ge
LFe4P?jGe4LFe-j#{(e4zF}q-V=LFLFe4zF| VJPGjUMWP?R#KFV 0 RJSGLFe`^  } 
465^a7468
 
					 	!	"	$#%&#')(*,+&(*.-*/0 	. 	1(*2#'31#4)( WJz
  MWR=S?LFe^
 _u 	
  NPUMWKNMCO9T e-zFKNMW{OQKFe
VQo KF}Ge|0O9TW{ O/PGj KF}Ge0 Je 0 P?R=e4LFz 
fr
}?ezNMWg {`e4zF}Ge-z
O9oKFe-Lfq4VJP =e4LFRJe4P?q4e V=PKNy VxUt e4LFy OQLFe6LO/PGRJeMW{O/R=e4z

 V={(|UTWe4KFe6}0OQP?j{`VUjGeT

rke4gUKFS?LFe4j}0OQP?j 
a^acb=d"eefg
W     		 / 	9	# #!	
  MWR=S?LFe  _u %q4VJ{(|UTWe4KFe6t VUj?x({(VUj?eT LFe-q4V =e4LFe4j oLFV={ H=H
jUMWzFKNMWP?q4KFz
LOQP?R=eMW{ OQR=e-zfr
}?LFe4e
VQo KF}?V=zFeMW{OQRJe4z
KF}Ge}?e/OQj;O/PGj@t VJKF} zNMWj?e4z(V/oKF}GeB} O/PGj ye4LFejUMWRQMWKO4TwM4e4j%oLFV={ O}US?{OQP@t VUj?x KF}?eLFe4{O4MWP_MWP?R@ye4LFe
OQq
USUMWLFe4j#oLFV={ O {O/P_M  =MWP 
465^a7468
 
					 	!	"	$#%&#')(*,+&(*.-*/0 	. 	1(*2#'31#4)( W H
  MWR=S?LFe UH=u  O/PGRJej0OQKO#O/PGj&MWKFz`{ MWLFLFV=LFe4j MW{O/R=eq4VJLFLFe4zF| V=P?jUMWPGR@KFV#O{`e4q}0OQPUMWq/O4T6|0OQLFK    
  6r
}?e LFe4q4V =e-LFe4j#{(VUj?eTk}0OQzKNyV } O/PGjUTWe4z lr
}Ge-LFe OQLFe KNy V q4VJPUKFV=S?LMWP?zNMWjGe`e/OQq}#} O/PGjUTWe
a^acb=d"eefg
W$G   		 / 	9	# #!	
RIZ ZZ pZ
mZ U"Z Z
  MWR=S?LFe =^_uEO6r
}Ge MWzFV=zFS?LNopOQq4ee4gUKFLO/q4KFe4j&o LFV={ O  r\_q/O/P  N{ OQR=e t zF|?}Ge-LFe yMWKF} ^       =e-LFKNMWq4e4z MWz
jGeoV=LF{(e-j&KFV/y
O/LFj#KF}Ge z  US_TwT j0OQKO   e S?zFeO(}_MWRJ} JO4TWSGe(V/oKF}?e LNMWRQMWjUMWKNx |0OQLO/{(e4KFe4L q e4PGj?e4LFe4j =MWe4y
VQo tGjfr
}?e6{(e4zF}(MWz
P?VQy OQj0OQ|?KFe4jKFV q4VJPGq4e-PUKFLOQKFe =e-LFKNMWq4e4zOQK|0OQLFKFz VQo }_MWRJ}q4S?LJOQKFS?LFe
hkP?j q-V=PUKFV=S?LFz
TWVUq/OQKFe-j OQKKF}?e6e4xJe4t0O9TwTWz KF}GePGVJzFe OQP?jKF}?e6oV=LO/{(e4P#O/LFe O/SGKFVJ{OQKNMWq/O4TwTWx&q-LFe/OQKFe4j ?e  fVJKFKFV={ =MWe4y,VQoAKF}Ge
z  US_TwT
465^a7468
 
					 	!	"	$#%&#')(*,+&(*.-*/0 	. 	1(*2#'31#4)( WJy
    )*47
)
¥1UqoRKd-UklMOUcefUcg=[OU
mRP-UcglUcMSR#RbPQN-Mf\b[fqlT«FN-MMOU
pSNd-UcMf\bglP[OqlMfUcUm=\bTVUcgleO\bNQgoRnoN-ZQhSU
pS[OeFMONQT MSRglP-U
mlRn[rR` =\bTVklbUS1TVUceOqlUceT;NmUcb\g`PAm\ "UcMOeFMONQT klMOUcd=\bNQ_leMOU
pSNQg`ef[fMO_opS[O\N-g [OU
pOqlgl\^]-_lUce;ZJ1[OqlUc\bM
ql\bP-qlb TRnbUKRZlbUVRgHm [OqlUc\bMVUefefUgJ[O\^Rbb bNlpcRgoR[O_lMfUQ g=[fMO\bglef\^p;FN-MfT_l^Rn[f\bNQg§N[fq`U"\bgJ[OUcMfgHR
pSN-glef[OMrRn\g=[Oe&bU
R-m=e[fNxgoR[O_lMrRnRgom§eO[rRnZlbUZoUcqHRKdJ\bN-M
 K pSNQg=[OMfNQ(NdQUM[fqlUeSpcRbU;Nm=USFN-MfTRn[f\bNQg
\beglUKpSUcefeSRMO [fNxklMfUcd-Ucg=[&[OqlUVT;UcefqxFMONQT3ZHUc\bglP"[OMrRnklkoUKm1\bg R;NlpcRnT;\bgl\bTVRl¥1UZHUcb\bUcdQU[OqoR[
m=UiFNQMOTRZ`UpSNQg=[ONQ_lMOe=\bglPNQgm=USFN-MfTRnZlbUeO_lM R-pSUce\eR$dQUMfVkHN(UcMF_`[fUKpfq`gl\^]Q_`UFNQM(qoRngom=b\bglP
eO_lM R-pSUceN'pSNQT;klbUS[fNQkHNQbN-PQ=
g[OqlU#F_l[O_lMfU-aU#(NQ_l^mb\bQU#[fNUSl[OUcgom[OqlU#FMSRTVUN-MfNlN-_lMeOJeO[fUcTªZ=MfU
pSNd-UcMfRgoRn[fNQT;\^pcR
T;NmUcbeFMONQT [fqlUPQMSRQm=\bUcg=[\bg=FNQMOTRn[f\bNQgUSl[OMrRQpi[fU
m§N-gR*TVU
m=\^pcRn\bTRnPQUQ(¥1U&RnMfU\bgJd-Ucef[O\bPJR[O\bglP
Rne(Ucba[fqlUMfU
piNdQUcMONMfUKRb\bef[f\^p(T;NmUcbeZ=m=U
pS\bTR[f\bglPRef\bT;klbUS&TVUefq\bgl\b[f\^Rb\bcU
m$Re([fqlUm=_oR
T;UcefqN'R[OMf\^Rg`PQ_l^R[OU
m\beONQef_`M R-pSUQ'¥1UN-_l^mb\bQU[fNUc^ReO[f\^pcRnbm=USFN-MfT [fqlN-efUPQUglUcMf\^pT;Nlm=Ucbe
[ONU8pS\bUcg=[fbUSl[fMSRQpS[RngoR[ONQT;\pRQT;Nlm=Ucbe5FMfN-T m=\ "UcMfUcg=[(koR[O\bUcg=[
^KglN-[fqlUcMMfUceOU
RMSpfq[ONQkl\^p(\be#[fqlU
pSN-TVkl_`[rR[O\bNQgVNn6RpSNQg=[O\g=_lN-_leef_`M R-pSUMfUklMfUceOUcg=[rRn[f\bNQgRnefeONpi\Rn[fU
mA\[Oq"ReO\T;klbUSVTVUefq
4 )
	  	*	$&%'
¥1U(NQ_l^m1b\bQU;[fN1[OqoRgl8ReO_lql\bQN§¥ R[SRgoRnZoURgom8Rnef_lq`\[ON_lUcgoRnPJR§N[OqlU  <_lTRg
g=[fUM R-pSU*5RZHNQMrRn[fN-MfxFNQMklMONdJ\^m=\bglP[OqlU0+(=ZoUcMO8RnMfURgom Y4+4+ªMrRnglPQU\bTRPQUeRngomx[fqlUc\bMUcg=
pSN-_lMrRnPQUcT;Ucg=[
¥1U[OqoRg` Q MO_opSU05R[f\bT;UcM
a +(NQ_lMO[ +(_`[f[f\bglPRgomRKd=\m U
Rng"FN-MklMONd=\m\g`P[fqlU
+((flpcRng\TRP-U'N[fqlUeO=_lb 5¥1U(N-_l^mb\bQU([fN[OqoRg`&RbefN \^pOqlNQ^Re KJRQpOqlURngom	JRQp]Q_`Uce8©`Uc^m-
TRM(FN-MeO[f\bT_l^R[O\bglP&m=\berpi_lefeO\N-gle
$ql\be(NQMO"8RneeO_lklkHNQMf[OU
m§\bg"koRnMf[Z=AR*PQMSRg=[FMONQT \bPQ\b[rRn
j']-_l\bklT;Ucg=[7+(N-MfkHNQMSR[f\bN-g
"1	$*§c

qlUMOUc^R[f\bN-gZoUc[(UcUcg 
   
4  
   \eefqlNg;\g©5\P-_lMfU 5 5 D(UMf\b[fU Re 
 @  ªRgom  Re
 @  ª[fq`Ucg 
[SRgY Z       

 [SRgY  Z;
   -   
=\bgopiU    '  '  a
'[SRgY  'Z [rRngY    Z
[SRgY  Z [SRgY  Z
v ' 
©5\bgoRbb=a
MY   
-  
   Z Y  X ',$X ZO[rRngY  %Z
   X  Y  X ' $X ZO[rRg X Y   Z  
Yu G Z
 «v       Qu
  'v      Qu
a^acb=d"eefg
z     		 / 	9	# #!	
L
φi
ri
di
O
Pi
U VF
θU
θV
  MWR=S?LFe  UuVJ{(|GS?KOQKNMWVJP#VQo  )/ $  $  $ 
"1	$*§c
qlU;kl_lMOkoN-efUVNn8[Oql\be&Rk`koUcgHm=\£\be[ONk`MfNdQUk`MfNQkHUcMO[1W"ql\^pOqeO[rR[OUce[fqHR[RT;NQglPRb'efk`qlUcMfUe
koRnefeO\g`P[OqlMfN-_lPQq aK[fq`UTV\bgl\bTVRKefklq`UcMfUT;\g`\T;\¨cUe\[Oe'm=\bef[rRngopSU[ON[fq`Uef_lM RQpSU-#¥1U'\b-MfUceO[fMO\pi[
[OqlU&k`MfN=N[ONV[OqlU¦pRefUN'[OqlMfUcUVm\T;UcgleO\N-goReO_lMRQpSUceKqlUklMfN=N'klMONlpSUcU
m=e$\gx[N;ef[fUkle
gR
¢oMOef[eO[fUcka`U\bHefq`N [fqoRn[8R$efk`qlUcMfU$TV\bgl\bT\bc\¨glP\b[fem=\bef[rRngopSU[fNR$ef_lM RQpSUeOqlNQ_l^m*ZoU[rRnglPQUgJ[
Rn[[fqlU[SRglP-Ucg=[kl^RglUNn6[OqlUeO_lM R-pSUQgReOU
pSN-gom"eO[fUck5al(U\bHklMONdQU[OqoR[RnTVNQg`P&Rb[rRnglPQUgJ[
eOklqlUcMOUce
a[OqlUefklq`UcMfUN'pS_lMfdQRn[f_lMOU  \be[OqlUNQk`[f\bT_lT"
¤Uc[ ZHU&R*[fqlMOUcU¦m\T;UcgleO\N-goRHef_`M R-pSU¦mUS¢oglU
mxNdQUMRgN-koUcgxefUc[    Y X RngomD;Y  
   ZR
kHNQ\bg=[N-g	D(U&MO\[OU U Rngom  X Re[fqlU[(NVklMO\gHpS\bkoR#pS_lMfdQRn[f_lMOUVR[(;Y   
   ZRgom Y  U a  X a
 ZRne[fqlU$klMf\bgopS\bkoRnHFMrRnTVURn[ ;Y   
   Zca`UpcRngMO\b[fU[fqlU'RK=bNQM(USlkoRgleO\bNQgVNn'[fqlUef_`M R-pSU&R[
[OqlUefUKpSNQgomANQMrmUcMRe 
;Y  
  Z; VY  
	  Z7 Y  '  Z
   U  Y  '   Z
 \  X v
u Y   U Y  '   Z X ]\  X Y('   Z X Z    Y  '   Z    Y ('   Z 
qlUMfU    
	
Y  
	  Z  Rgom     Y  
   Z  ¥1U&pcRg§[fq`UcMfUSDNQMfUbNlpcRnbMf\b[OU&[OqlU&eO_lMRQpSU
\bg"Rg;USlklb\pi\[TRglg`UcM
  vu Y  U  X   X 	 X Z  Y   Z  Y 	  Z
¤Uc[  ZHU"R"eOklqlUcMOUkHRefeO\bglP[OqlMfN-_lPQq ;Y  
   Zc D[OqlUpSUcg=[OUcMVNn  mNJUeglNQ[ZHUcbNQglP§[fN
[OqlUV[SRglP-Ucg=[k`RnglUQa5UVpRg§Mf\b[fUVR;'RK=N-MUSlkoRnglef\bN-g1N[fqlUeOklqlUcMOUV_lk1[ONN-Mrm=UMNQglU-a\bg§[fqlU
klMO\bgopS\bkoRFMrRnTVURne     	   Y  X"Z  Y 	 X*Z5qlUcMfU ?   	 \be#[fq`UU
]-_oR[O\N-g&[OqlU[rRnglPQUgJ[kl^RnglUR[[fq`Uefklq`UcMfUQD[fq`U&pSUcg=[fUMNn  mNJUeglNQ[ZoUcbN-glP&[ON[fqlU$[rRg`PQUcg=[k`RnglUR[[OqlUef_lM RQpSU-a
(U¦pRglglN-[m=US¢oglUklMONQkHUcMfbR;m=\bef[rRngopSUZoU[UcUg1[fqlUef_lM RQpiUVRgom[OqlUefklqlUMfUQ$¥1U\b#m=\berpcRnMrm
[Oql\bepcReOU\bg[OqlUMfUcTR\bgl\bglPkHRMf[Nn[OqlUklMONJNnr
465^a7468
 
					 	!	"	$#%&#')(*,+&(*.-*/0 	. 	1(*2#'31#4)( zlv
q`UcgU&pRgRnRK=eeO_lklkHNQeOU[fqoRn[[OqlUcMfU$USl\eO[RZoRnbN'MrR-m=\b_le  a    NQg[fqlU$[rRg`PQUcg=[kl^Rg`UpSUgJ[OUcMfUKm"N-g VY  
	  Za=qlUcMfU$UpcRngAmUS¢oglU&R$TRnklkl\bglP U FMfN-T   [fN  Rgom;RTRk`kl\bglP X
FMONQT   [fN  eO_opOq[OqoR[ 	 U Y	 Z       ;Rgom 	 X Y 	 Z        YDefUcU$¢oPQ_`MfU 5 Wo©5\bgoRnb=a(Um=US¢oglU$[fqlU&m\eO[rRngopSU    ZoUc[(UcUcgx[fqlUeO_lMRQpSU  RgHm[fq`Uefklq`UcMfU  Rn[MrRQm\_`e  Re/
   
	 	   U Y 	 Z X Y 	 Z  X
=\bgopiU  U Y 	 Z X Y 	 Z   \bepSNQbb\bglU
RnM[ON 1a=UpcRng"USlklMOUcefe   _`k[ON[fqlU¢oMOef[NQMrmUcMRe/
     	 	 Y     	 Z X    	   Y    Z
D'(UpOqoRnglPQUdQRnMf\^RZlbUce Y  
 	 Z; Y 7 pSN-eY*Z
 7 ef\bgY*Z%ZaY   " 7 "  
   "  " u Zca=[OqlUcg    UcdQRb_oRn[fUce
Rne    
  -   > 

 #qlUcMOUSFNQMOUQaH\bgVNQMSm=UcM[fNTV\bgl\bT\bcU   aoR$glU
piUcefeSRMf§pSNQgom\[O\bNQg\be ? laql\^pOqUcg=[rRn\be[OqoR[[OqlUefklqlUMfU\e[SRglP-Ucg=[[fN[OqlUef_lM RQpSUR[ ;Y   
   Z=klq`UcMfUce[rRnglPQUcg=[[ON[fqlU
eO_lM R-pSUqoRKd-UR6RK=bNQMUSlkoRgleO\bNQgN#NQMrmUcM[(N&\bg[fq`Uk`Mf\bgopS\bkoRnHFMrRnTVU0
  	u Y  X  	 X Z   Y   Z   Y 	  Z
qlUMfU 	\be([fqlUpS_lMfdQRn[f_lMOUN[fq`UeOklqlUcMOUQ©`NQM[fqlN-efUefklq`UcMfUceKaH[fqlUm=\bef[rRngopSU   \be[OqlUcgpSNQT;kl_l[fUKmRne
   
	 	 Y%Y 	'  U Z  X  Y 	 '  X Z 	 X Z X    	   Y  Z
    G	X ' G	 U  5 XU ']G 	 X  u  U  X  5 >XX    G     Y  Z
   MfUKRQpOqlUce\[OeTV\bgl\bT_lTqlUg 	LY  U   X Z -u@  
a^acb=d"eefg
z-u   		 / 	9	# #!	
Tangent Plane
Surface Σ
r
R Z
Tangent Plane
N
Surface
Sphere S
Distance between
the surface et the sphere
P
M
Σ
ZZ
  MWR=S?LFe  Gu O6r
}?e(j?e10 PUMWKNMWV=P@V/o
KF}Ge`|GLNMWP?qMW|0O9T
oLOQ{`e(O/PGj KF}?e t O4TwT (OQLFVJSGP?j &  t 6r
}?e jUMWzFKOQP?q4eMWz
{(e/O/zFSGLFe4j#VJP#O qMWLFq4S_TCO/L PGeMWR=}Ut VJLF}GVUVUj&MWP#KF}?e KOQP?R=e-PUK6|UTCOQP?e(O/PGj O4TWV=P?R KF}?e P?V=LF{O4Tlj_MWLFe4q-KNMWV=P
3	+Q	'	$4	
CRQ RIG H J K Q ^RQU-a$K&H\beOefUcMOTRg5  32 	1(*2#'31#4)( 'wªL#MfUefe
a#vKy G H`
CRQ w"yQu J L# o Q UceORgom $ #w"pERK= K T;Uc[fqlNlmxFN-MMfUPQ\bef[OMrR[O\bNQg1N 5 m§eOqoRkHUceK 	


7 *$" 1#')(*$ (*O&# #!	 .* &   2  1 D	2#!	D9 	1	 axvcWYu Z  u 5 yuQzG la
©`UcZlMO_oRMO1v
yQy-ul
CRQ NQ\DGWJ $ Q N-\befefN-glgoRn[
?UcNQT;Uc[fMO\pef[fMO_opS[O_lMfUceDNQM[OqlMfUUSm\T;UcgleO\N-goR#eOqoRkHUMfUck`MfUceOUcg=[rRK
[O\bNQg   7 *$"I1#')(*2 _O> )1 av
yIGWo
CRQ NQMry 5 J N  Q NQMfMOUcbb\  =(*3$J>3$	,/` "1	#!	 &w"Rnef[OUcM e[OqlUcef\beKa¡gl\bdQUcMOef\b[fU0+(^R_Hm=U Q UcMOgoRMSm-
¤QN-gv-av
y-y 5 
C +RMH?  J w  L# N0+RMfT;No /. 		2#4) 	(*W	#' ('+ 3$*	 2  3$D+" 1	 8L6MfUcg=[f\^pSUW<Rnb a
vKy HG l
C +4+MKy-u&J c +(NQqlUcg5a5'  +(N-qlUcga#RgHm.$ KJRQpOqlU-V¡eO\g`Pm=USFN-MfTRZlbUeO_lM R-pSUce[fNefUPQTVUgJ[
5 m§\bTRPQUeRngom1\bg=DUcM&m=\ "UcMfUcg=[O\Rnef[OMf_opS[O_lMfUe
 =(3 #%	    (* 8; > )148  2
V 	M(&1	D*W/ 	  2 	#%* 2 D aounWJulu?  5 aHv
yQy-ul
C +w"y 5 J ,+(qlUcgVRngom;?QwU
m\N-gl\=g=[fUcP-MrR[O\bglPT_lb[f\bklbU#MrRg`PQU\bTRnPQUce5_lef\bglP[fMO\^RglP-_l^R[f\bN-g
g V 	  2 	#%* 2 D (*&2( alkHRPQUeyQzlv	y-z GlaIKYLK&avKyQy 5 
C +ly 5 J +(qlUcg1RgHm"©(lpOqlTV\b[O[
 N \bef\bNQg ZoRnefU
mxpSNQgleO[fMO_opS[f\bN-g1N8pcR-m"T;Nlm=UcbeFMONQT MSRglP-U
\bTRPQUe
«g =(&1BV(!+ #)	  (*3$#  $#4B=(*+BV(=(3I#!	   )(* :    ! -9< a
kHRPQUe&v
u-yv 5  `alv
y-y 5 
C Uc^yWJ <$Ucb\bglP-Uc[f[OUQHgJ[OMf\bgleO\p(eO[rRnZl\b\bcUMfe'Nnkl^RngoRMpi_lMfd-Uce
g -  2 M3 (	*"=(*+&		1	
(=(3I#!	   )(;:#$ $ !&% < al=[ONpO=qlN-T§aJU
mUcga -_lglUVvKyQynWo
465^a7468
 
					 	!	"	$#%&#')(*,+&(*.-*/0 	. 	1(*2#'31#4)( z 5
C .<fy`v
R&J <$Ucb\bglPQUc[O[fUQaw1^<UcZHUcMf[KaRngom E-Uc_opOql\j#glUcMOPQxF_lgopi[f\bNQgleFNQMMOUcPQ_l^RnMf\b
R[O\bNQg
RnbPQNQMO\b[fqlT§og =(&1B    =B 8	(V	#')1A	# 2( 2 ,D =(3I#!	   )( 8  (*SB   a
kHRPQUe&v  nWvQv
z`alv
y-ylv-
C .<fy`vcZ$J <$4U\bglP-Uc[f[OUQaw1M<UcZHUcMO[
aRgHm E'QU_opOql\=qoRnkoU§MfUck`MfUceOUcg=[rR[O\bNQgªRgom \bTRPQU
eOUcPQT;Ucg=[rRn[f\bNQg_lef\bglPm=UiFNQMOTRZ`Uef_lM RQpSUe
Hg 
  =(* 3I#%	   )(* * 2   #)#%	
O	1(  > #4 (*%:     ! < a=koRP-UceW   H=W H-ula -_lglUVvKyQylv-
C .<fy 5 J <$ Ucb\bglP-Uc[f[OUQa'w1 <UcZHUcMf[KaRngom_E-Uc_opOql\ K eOklqlUcMO\^pcRMOUcklMfUefUcg=[rRn[f\bNQg FNQM$[fqlU
MOU
pSN-PQgl\b[f\bN-gNpS_lMfd-U
mN-ZQhSU
pS[Oe
g =("1B (!+O# 2	 $#%	&#')(* =(*+&		1	.(*=(* 
3I#!	    (*;:    ! -9< aQkoRnPQUcev   5 v-v
u`alv
y-y 5 
C +L'ynW*J <$4U\bglP-Uc[f[OUQa.?=_`ZlefN- a4+(NQ[O\bgaRgom oL#\bPQg`NQg   *)(!+" 1)O 3$  	
7 	# >	 2##U
pOqlgl\^pcRnYUckHNQMO[ulvKyQyla-c  Y c K&baQNQklql\^R 4KgJ[O\bkoN-\beKaJ©`MrRngopSUQaH©lUcZ`Mf_oRnMf
vKyQynWo
C ©IKynW*J H©`Uc^m=TRnM¦Rngom$ KJRQpOqlU- Y\bP-\m1Rngom R&8VglUMOUcPQ\bef[OMrRn[f\bNQg NeOTVN=NQ[Oq ef_`M R-pSUce
_`ef\bglPm\ "UcMOUcg=[f\^R#klMONQkHUcMf[O\Ue
g -  2 =3$(	 =(*+&		1	W( =(* 3I#!	   )(
:#$   ! % < al=[fNlpO=qlNQbTa=w"RK"vKyQyWH
C ?_lUKy 5 J K?_`Ucc\bU
p55RMfP-Um=USFN-MfTRnZlbUefklb\bglUceKaopSMOUcef[b\g`Uce8Rngom;TRn[rpOql\bglPo¤g =("1B ('+.# 2	
 (*3$#  $#'B=(*+B (=(3I#!	   )(;:  $ ! -4< a=koRnPQUce  -z    QzIHlaHv
y-y 5 
C <  w"y 5 J <$O<NQk`koUQa U
YNQeOUQa4_opOqoRT;kaH8wxp NQgoRnm¤aRgom ¥=[O_lUc[OcbUQ wAUcefq
N-kl[f\bT;\KR[f\bN-gg =(3I#!	WO  1B:!  *.M      ! -4< alkoRnPQUcevKylu? laHv
y-y 5 
C <\bbWQWJ <\bZHUcMf[K 	(*W	#'W* 2 # 2	W/*D #4)( 5NdQUcMKavKyWQWH
C <N-MGnW*J Q RE L#<NQMOgj5l[OUcgom=U
mAPJR_`efef\^Rng\bTRPQUe
 

 7 *$"I1#')(*2 (   #)#%	 .* 
&  2  I1$D	$#%	D9  	1	 aHQu$YSv
uIZbvJ IHlvvJ IG? =a,U
pSUTZoUcMvKy GnWo
C QU&GlvJ E5QUc_Hpfq`\ YUKpSNQP-gl\b[f\bNQg§N 5 m"N-ZQhSU
pS[Oe&_leO\bglP"[fq`UVUSl[fUgom=U
m PJR_`efef\^Rng1\TRP-UQg
M(&1B=(!+ #)	.  	 *	$#      a=koRP-UcezQy-z      `aovKy G`vQ
C EN=U
y   J =Rg oENJUgom=UcMO\g`   (*S 2  >2	 wªL#MfUefe
a#vKyQy  `
C E¥ G G J w  ERnefe
a K&H¥ \b[f=\bgaoRngom H#UcMfcN-koN-_lbNQeK=gHRQUeOKpS[f\bdQUpSN-gJ[ONQ_lMT;NmUcbe
  
#%	&#')(*	 (3$* ('+=(3I#!	   )( av0 5 u`v 5 5 v-alv
yIG G`
C +OGIH&J ¥« N-MfUcg`efUcg Rngom < j5+(b\bglUQ w"RnMrpOql\bglP pS_`ZoUce/1R§ql\bPQq MOUcefN-b_l[f\bNQg 5 m eO_lMRQpSU
piNQgleO[fMf_HpS[f\bNQg RbPQN-Mf\b[fqlT§   =(* 3I#%	 O$)1@:!  *.M      
  < a8u`v0bvJ  5 
v= Qy`av
y GIHl
C U\y 5 J ¤Uc\b[fglUM
   	 *V	$#%&#')(* / **; 3	 2 DW/ 	#' 2 V	$)(*>	
	 #L#q =m=\befefUMf[rR 
[O\bNQgag`ef[f\b[O_l[5R[O\bNQgoRnJL5NQb=[fU
pOqlg`\]-_lUm=U?MOUcglN-ZlbUQa ?MOUcglNQZ`U-aQ©lMSRgopiUQaQ=Uck`[fUcTZHUcM
vKyQy 5 
a^acb=d"eefg
znW   		 / 	9	# #!	
C w"pSfy 5 J w"pSg`UcMfglUJa(UMfcN-koN-_lbNQe
 K ¢ogl\b[fUxUcbUcTVUcg=[;TVNlm=UcFNQM 5 m eOqoRkHUMOU
pSN-g=
eO[fMO_opS[f\bN-g RgHm§glNQglMO\bPQ\^m"T;NQ[O\N-g"[fMSRQpO=\bglPo;g =(&1B`('+;# 2	  (*3$#  $#'B =(*+B(*
=(3I#!	    (*;:    ! -9< aQkoRnPQUcezlv&Gz-u 5 alv
y-y 5 
C wUcqHW*J jowUcq`_`TNQg`\bglUKRM(efklb\bglUceK#g =(3I#!	W	(*W	#')1. 2 	 2 /,	 * avKy HnWo
C w"ly-u&J <$QL#QwN-MfUc[ONQgRgom+*<$Q=U
]-_l\bgH©l_lgHpS[f\bNQgHR=NQkl[O\bTV\b
R[O\bNQgFNQM¤ R\bM#ef_`M R-pSUm=UceO\P-g
g =(3 #%	WO> )1B:!  *.M      
 
 < alkoRnPQUcev=  Hv"HG laQ_lb"v
y-yQu`
C OKy 5 J +4Ref[SRMRngom$=KJR-pfq`UQ ©HReO[eOUcPQT;Ucg=[rRn[f\bNQga[fMrR-pOJ\bglP Rgom RgHRb=ef\beNVm=US
DNQMfTRZlbU1N-ZQhSU
pS[Oe
g =(&1B (!+]# 2	  (3 #) $#4B"=(+B (* =(3I#!	   )(
:   $ ! -4< a=koRP-Uceu H-zlu HQy`aJwxRK"v
yQy 5 
C Y4+OG G J w Y\bN-_= Rgom% +(N-_lMfglN-UcM
 7 2	   0#)$		  2 DW	2 (* W/ 	 2 &#%!  	 
#U
pOqlg`\pRYUkoN-Mf[ Y4+4+ u-y   HIHla$Rn[f\bNQgoRnYUcefUKRMrpOq +(NQ_`gopS\bN +RngoRQmlR`a  [f[rRKRla
+RngoRQm`Rlav
yIG G`
C =%GIH&J EllRn[fNRgom;-glNQ=_opOql\YRglP-US \bTRPQ\bglPef=ef[OUcT _l[O\b\bc\bglP$glUcTRn[f\^p(b\^]Q_`\mpiMf=ef[SR
TReOHg $#%	&#')(** =(*+"		1	 (*"=(* 3I#%	    (*@:  $ 
 N< a-koRP-Uce  Qz H
 G lv-av
y GIHl
C =y-u&J Y$o=Ucb\eO=\6Rngom l#N-glglUceOUcg=_lMRQpSUTVNlm=Ucb\bglP\b[fq"N-Mf\bUcg=[fU
mAkoRMO[f\^pSbUef=eO[fUcT;e

g =(3 #%	WO> )1B:!  *.M      ! < alkoRnPQUcev&GQzv
ynWoaQ_lb"v
y-yQu`
C =¥ y`vJ _lUcgoRnPJR"Rngom ¥ R[SRgoRnZoUQ KsTVUc[OqlNlmxFNQM[OqlUVeO=gopOqlMfN-gl\bcU
m R-pc]-_l\bef\b[f\bN-gNn
piJb\bgom=MO\^pcRMrRnglPQU1RgHm pSN-bNQMm`R[rR` 	   7 *2I1#')($ ajcHW>Yrv  IZ 5 W   H 5 WHvJ =a
 pS[ONQZHUcMv
y-ylvQ
C  K`GIH&J K 5\=qlN-glNd"Rgom N  K&KMfefUgl\bg   (*S3I#4)($ ('+ D   (&"	 2 =(?>
	, ;¥ \bglef[ONQga
vKy GIHl
C ?y-u&J H L#=ql\bMf\bNQgVRngomWK?NQ_lMSm=NQg5 7 2	.-/ *1$D  D	 . ( #    2  #  IS 
1 #4)( #%(@1	#M9D		&#' 1#')(* ##U
pOqlg`\pRYUkoN-Mf[&v=  H-ula-c $ Y c K&baQw"RK"vKyQyQu`
C Ey 5 J <$'RgoRnQRRngom©( E\befql\bglNH$KmlRnkl[f\bdQU(TVUefqPQUcglUMrR[O\bNQg$FNQM#ef_`M R-pSUMfU
piNQgleO[fMf_HpS[f\bNQg5
g =("1B ('+ $#4B =(+B ( =(* 3I#%	   )(*@ 2  &# #!	; 	1(   #4)( :&     ! -4< a
kHRPQUe`G GynWoa$Uc(NQMOa Q_lglU;v
yQy 5 
C ¥FE.G H J UMfcN-koN-_lbNQe
aAK&(¥ \b[f=\bgaRgom w1OEReOe
 ==TVT;Uc[fMOQefUUc=\g`PT;NmUcbeFNQM 5 m
N-ZQhSU
pS[(MfUKpSNQgleO[fMO_opS[f\bN-g $#%	&#')(* $(*3$ (!+=(3I#!	   )(* aHv*Y 5 Z  u`vQv	uQu`vQa
vKy GIHl
C N wxy 5 J Q  N UcT_lMO\RngomY-w"Rb^RQm=\+(N-glef[OMf_opS[O\bglP\bg=[fMf\bgleO\^p'kHNJRnMrRT;Uc[fUMfe'\b[fqVR-pS[f\bd-UTVNlm-
UeFN-M'\bgJdQRnMf\^Rg=[5ef_lM RQpSUMfU
piNQgleO[fMf_HpS[f\bNQg5 	

 7 *2I1#')($`(*  #)#%	.& 
 2  1 D	 $#%	DS  	1	 a  ? IG  IGlv-aovKyQy 5 
465^a7468
 
					 	!	"	$#%&#')(*,+&(*.-*/0 	. 	1(*2#'31#4)( zQz
C N y-u&J w  N ReO\bUerpS_VRngom&#UcMOcNQkHNQ_`N-e
>KmlRnkl[rRn[f\bdQU(TVUceOqlUceRngom$efqlUcbbe
Hg =(&1B ('+$#'B
=(+B ( =(* 3I#%	   )(*@ 2  &# #!	  	1( * #')(* :&     ! < a-koRnPQUce GQu-yG 5 u`a
vKyQy-ul
C ¥ ¥ y-u&J ¥«=¥1Uc^pfqRgom K&=¥ \b[OJ\bg N RMO\Rn[f\bNQgHRHef_lM RQpSUT;NmUcb\g`PoHg =(* 3I#!	;O> )1
:!  .=      ! < aHkoRnPQUcevKz HvJ G la -_lbv
y-yQu`
a^acb=d"eefg
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